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VJU.^,^^  J'ru^* 


ELECTRICITY, 


\V^  cannot  but  be  somewhat  surprised  that,  among  the 
inany  ]^Cempts  which  have  been  made  by  the  philosophers 
c^  Britain  to  explain  th^  wonderful  phenomena  which  are 
classed  under  the  name  of  Electridty^  no  author  of  eminence, 
beades  the  Honourable  Mr.  Cavendish  and  Lord  Mahon, 
have  aviuled  themselves  of  their  susceptibility  of  mathemati* 
cal  discu|uon ;  and  our  wonder  is  the  greater,  because  it  was 
by  a  mathematical  view  of  the  subject,  in  the  phenomena  of 
attraction  and  repuLucm,  that  the  celebrated  philosopher 
Franklin  was  led  to  the  only  knowledge  of  electricity  that 
deserves  the  name  of  sdence;  for  we  had  scarcely  any 
leading  facts,  by  which  we  could  dass  the  phenomena,  till 
he  published  his  theory  o{  positive  and  negative,  or  plus  and 
minusy  electricity.  This  is  founded  entirely  on  the  pheno- 
mena  of  attraction  and  repulsion.  These  furnish  us  with 
all  the  indications  of  the  presence  of  the  mighty  agent,  and 
the  marks  of  its  kind,  and  the  measures  of  its  force.  Me- 
chanical force  accompanies  every  other  appearance;  and 
this  accompaniment  is  regulated  in  a  determinate  manner. 
Many  of  the  effects  of  electricity  are  strictly  mechanical, 
▼OL.  ir.  A 
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producing  local  motion  in  the  same  manner  as  magnetism 
or  gravitation  produce  it.  One  should  have  expected  that 
the  countrymen  of  Newton,  prompted  hj  his  success  and 
his  fame,  would  take  to  this  mode  of  examination,  and 
would  have  endeavoured  to  deduce,  from  the  laws  observed 
in  the  action  of  this  motive  force,  an  explanation  of  other 
wonderful  phenomena,  which  are  Inseparably  connected  with 
tiiose  of  attr^on  anct  repulsion. 

But  this  h|p  not  been  the  case,  if  we  except  the  labours 
of  the  two  philosophers  above  mentioned,  and  a  few  very 
obvious  positions  which  must  occur  to  all  the  inventors  and 
improvers  of  electrometers,  batteries,  and  other*  things  of 
measurable  nature. 

This  view  has,  however,  been  taken  of  the  subject  by  a 
philosophy  of  unquestioned  merit,  Mr.  iEpinus  of  the  Im- 
perial Academy  of  St.  Petersburgh.  This  gentleman,  struck 
with  the  resemblance  oC  the  electrical  properties  of  the  tour- 
malin to  the  propjerties  of  a  Hiagnet,  which  have  always 
been  considered  as  the  subject  of  mathemntical  dtscussioD, 
fortunately  remarked  a  wonderfiil  similarity  in  the  whole 
series  of  electrical  and  magnetical  attractions  and  repulsions, 
Qnd  set  himself  seriously  to  the  classificati(»  of  then.   Hav- 
ing done  this  with  ^reat  success,  and  having  maturely  re^ 
fleeted  on  Dr.  Franklin's  happy  thought  of  plus  and  minus 
electricity,  and  his  consequoit  the<Hy  of  the  Leyden  phial; 
he  at  last  hit  on  a  mode  of  conceiving  the  whole  subject  of 
magnetism  and  electricity,  that  bids  fair  for  leading  us  to  a 
full  explanation  of  all  the  phenomena ;  in  as  far,  at  least,  as 
it  enables  us  to  class  them  with  preci^on,  and  to  predict 
what  will  be  the  result  of  any  proposed  treatment  He  can- 
didly gives  it  the  modest  name  of  a  hypothesis. 

This  was  published  at  St.  Petersburgh  in  1759,  under 
the  tide  of  Theoria  Eltctrilaiis  et  Magndigmty  and  is  un- 
questionably one  of  the  most  ingenious  and  brilliant  per- 
formances of  this  century.  It  is  indeed  most  surprising  that 
it  is  so  little  known  in  this  country.   This,  we  imagine,  has 


ILECTBICIXr.  3 

■  cbie&y  owing  to  the  vety  slight  and  almost  uniatelli. 
gJbk  uccuunt  which  Dr.  Priestley  has  given  of  it  in  his  his- 
tory of  electricity ;  a  work  whicli  professes  to  comprehend 
every  thing  that  ha^  been  done  by  the  philosophers  of  Eu- 
rope and  America  for  the  advancement  of  this  part  of  na- 
tural science,  and  which  indeed  txtntaina  a  great  deal  of  in- 
atmctive  information,  and,  at  the  tame  lime,  so  many  loose 
coD)ecturei  and  inMgiufk-aat  observations,  that  the  reader 
Kaeonably  believes  that  he  has  let  nothing  slip  that  was  ' 
worthy  of  notice.  We  do  not  pretend  to  account  for  the 
manner  in  which  Dr.  Priestley  has  mentioned  this  work,  so 
much,  and  so  deservedly  celebrated  on  the  Continent.  We 
cannot  think  that  be  has  read  it  so  as  to  comprehend  it, 
and  imagine,  that  seeing  so  much  algebraic  notation  in  eicry 
page,  and  being  at  that  time  a  novice  in  mathematical  Icarn- 
iag,  he  contented  himself  wiHi  a  few  scattered  paragraphs 
wbicb  were  free  of  those  embarrassments ;  and  thus  could 
only  get  a  very  imperiect  notion  of  the  system.  The  Hon. 
Mr.  Cavendish  has  done  it  more  justice  in  the  61st  \-ohime 
of  the  Philosophical  Transactions,  and  considers  his  own 
most  excellent  dissertation  only  as  an  extension  and  more 
accurate  application  of  ^pinus's  Theory.  That  we  have 
not  an  account  of  this  exposition  of  the  Franklinian  theo- 
ry of  electricity  in  our  language,  is  a  material  want  in  Brr-  ' 
tish  literature ;  and  we  trust,  therefore,  that  our  readers 
will  be  highly  pleased  with  having  the  ingenious  disco%'eries 
of  the  great  American  philosopher  put  into  a  form  so  near- 
ly approaching  to  a  system  of  demonstrative  science. 

We  propose,  therefore,  in  this  place,  to  give  such  a  brief 
account  of  .Epinus's  theory  of  electricity,  as  will  enable  the 
rradfr  to  reduce  to  a  very  simple  and  eaeily  remembered 

r  all  the  phenomena  of  electricity  which  have  any  close 
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dapcodem 

<rf  nature;  rtfi 


by  >!r. 


nwcbanical  efferts  of  this  powerful  agent 
ierrmg  for  a  demonstration  of  what  is  purely 
Sir  Isaac  Newton's  Frincipia,  and  the  Dis- 
Cavendish  already  mentioned,  except  in 


atpofftiat  artkies  ss  v«  il&ik  aantdres  abie  to  preKnt 
\  aoi*  w  ik]fw.  a  ciar«  ^^— w^K^y  fona.  We  do  noC 
puice.  zo  gkTt  a  sT^scem  of  philoeophial  decsrv 
dir,  iMT  erm  to  lumse  aad  *^p^'"*  the  mare  lemaraLabie 
pifeesftxaesu.  We  coonae  oun^res  to  the  phenoiDeai  vhicfa 
BUT  b«  cftLed  fKrioncdL  produdng  niessiinble  zaoaoa  u 
tber  tmrneHsu  efiect :  joid  thus  gi^iDg  us  a  pnndple  tor 
die  E2idieBU2ical  exainiiiatiaD  of  the  cause  of  electrical  phe- 
ttncwna  We  shall  onn^idff  the  reader  as  acquainted  «ith 
the  other  ph  racal  effects  of  efectridtr,  and  shall  frequently 
ite&r  to  them  for  proofs. 

Moreorer.  as  our  intentkn  is  merrij  to  gire  a  srnopti- 
cal  liev  of  this  elabonoe  and  oopkws  perf onnazioe  of  Mr. 
£ pinusi.  hoping  that  it  vill  excite  our  countrrmen  to  a 
careAil  perusal  of  so  valuaUe  a  vork.  we  shall  omit  most  of 
the  algebraic  invesdgatioDs  oc-atained  in  it,  and  present  the 
cooclusaoDS  in  a  more  ^miliar,  and  not  less  conviDdng, 
ibnn.  At  the  same  time  we  will  insert  the  valuable  addi- 
taoQs  made  bj  Mr.  CArendish,  and  many  important  pard- 
calars  not  noticed  bj  ether  of  those  gentlemen. 


HTTOTHESISOF  .EFIinrS. 

].  Th£  phenamcjia  of  dectrkitT  are  produced  br  a  fluid 
cf  peculiar  nature,  and  thei^efore  called  the  electxic  FLrin, 
hsiincr  the  foQowing  properties: 

S.  Firdj  Its  parbdes  repel  each  other,  with  a  faroe  de- 
creasing as  the  di<iawys  increase. 

S.  SectuuL  Its  parddes  attract  the  partides  of  some  ingre- 
cQent  in  all  other  bodies,  with  a  foroe  decreasing*  aoci-vding 
to  the  same  law«  with  an  increase  of  distance ;  and  this  at- 
tncDOD  is  mutual 

4.  TJuri,  The  dectric  fluid  is  di^persicd  in  the  pores  of 
other  bodies,  and  moves  with  various  degrees  of  fadlitj 
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through  the  pores  of  difiierent  kinds  of  matter.  In  those  bo- 
dies which  we  call  nofhdeclrics,  such  as  water  or  metals,  it 
moves  without  any  perceivable  obstruction  ;  but  in  g^ass, 
rosins,  and  all  bodies  called  ekdrics^  it  moves  with  very  great 
difficulty,  or  is  altogether  immoveable. 

5.  Fourth,  The  phenomena  of  electricity  are  of  two  kinds ; 
1.  Such  as  arise  from  the  actual  motion  of  the  fluid  from  a 
body  containing  more  into  one  containing  less  of  it.  2.  Such 
as  do  not  immediately  arise  from  this  transference,  but  are 
distances  of  its  attraction  and  repulsion. 

These  things  being  supposed,  certain  consequences  ne- 
cessarily result  from  them,  which  ought  to  be  analogous  to 
the  observed  phenomena  of  electricity,  if  this  hypothesis  be 
complete,  or  some  farther  modification  of  the  assumed  pro- 
perties b  necessary,  in  order  to  make  the  analogy  perfect 

6.  Suppose  the  body  A  (Plate  I.  fig.  1.)  to  contain  a  cer- 
tain quantity  of  fluid.  Its  particles  adjoining  to  the  surface, 
^uch  as  P,  are  attracted  by  the  particles  of  common  matter  in 
the  body,  but  repelled  by  the  other  particles  of  the  fluid.  The 
totahty  of  the  attractive  forces  acting  on  P  may  be  equal  to 
the  totality  of  the  repuUive  forces,  or  may  be  unequal.  If 
these  two  sums  are  equal,  P  is  in  equilibrio,  and  has  no  teur 
dency  to  change  its  place.  But  there  may  be  such  a  quan- 
tity of  fluid  in  the  body,  that  the  repulsions  of  the  fluid 
exceed  the  attractions  of  the  common  matter.  In  thb  case^ 
P  has  a  tendency  to  quit  the  body,  or  there  is  an  expulsive 
force  acting  on  it,  and  it  ivHl  quit  the  body  if  it  be  move- 
able. Because  the  same  must  be  admitted  in  respect  of 
/every  other  particle  of  moveable  fluid,  it  is  plain  that  there 
will  be  an  efflux,  till  the  attraction  of  the  common  matter 
for  the  particles  of  fluid  is  equal  to  the  repulsion  of  the  re- 
^aimng  fluid.  On  the  other  hand,  if  the  primitive  repul- 
sion of  the  fluid  acting  on  the  particle  P  be  less  than  the 
attractions  of  the  common  matter,  there  will  be  the  same, 
fix  at  least  a  similar,  superiority  of  attraction  acting  on  the 
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fluid  residing  in  the  circumambient  bodies ;  unci  there  vHI 
be  an  influx  frotn  all  hands,  till  an  equUibnum  be  restored. 
7;  Hence  it  follows,  that  tliere  may  always  be  assigned  to 
any  body  such  a  quantity  of  fluid  that  there  shall  be  no 
tendency  cither  to  efflux  or  influx.  But  if  the  quantity  be 
increased,  and  nothing  prevent  the  motion,  the  redundant 
fluid  will  flow  out ;  and  if  the  proper  quantity  \)e  diminish- 
ed, there  will  be  an  influx  of  the  surrounding  fluid,  if  not 
prevented  by  some  external  force.  This  may  be  called  the 
body's  NATUKAL  qbaktity;  because  the  body,  when  left 
to  itself,  will  always  be  reduced  to  this  state. 

8.  If  two  bodies,  A  and  B,  contain  each  its  natural  quan- 
tity, they  will  not  exert  any  sensible  action  on  each  other : 
for,  because  the  fluid  contained  in  B  is  united  by  attraction 
to  the  common  matter,  and  is  also  repelled  by  the  fluid  in  A, 
it  necessarily  follows,  that  the  whole  body  B  is  repelled  by 
the  fluid  in  A.  But,  on  the  other  hand,  the  matter  in  A 
attracts  the  fluid  in  B,  and  consequenily  attracts  the  whole 
body  B :  A  similar  action  is  exerted  by  B  on  A.  These  con- 
trary forces  are  eitlier  equal,  and  destroy  each  other,  or 
unequal,  and  one  of  them  prevails.  This  equality  or  in- 
equality evidently  depends  on  the  quantity  of  fluid  contain- 
ed in  one  or  both  of  the  bodies  (§  7)  Now  it  is  known 
that  bodies  left  entirely  to  themselves  neither  attract  nor 
repel ;  and  it  follows  from  the  hypothetical  properties  of  the 
fluid,  that  if  there  be  either  a  redundancy  or  deficiency  of 
fluid,  there  will  be  an  efflux  or  influx,  till  the  attraction; 
and  repulsions  balance  each  other.  Therefore  the  internal 
state  of  two  bodies  which  neither  attract  nor  repel  each 
other,  is  that  where  each  contains  its  natural  quantity  of 
electric  fluid. 

9.  In  order,  therefore,  to  conceive  distinctly  the  state  of  a 
biKly  containing  its  natural  qiiantiiy,  and  to  have  a  distinct 
notion  of  this  natural  quantity,  we  must  suppose  that  the 
quantity  of  fluid  competent  to  a  particle  of  matter  io  A  re- 
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pels  the  fluid  competent  to  a  particle,  of  matter  in  B,  just  as 
much  as  it  attracts  that  particle  of  matter ;  and  also,  that 
the  fluid  belonging  to  a  particle  of  matter  in  A,  repels  the 
fluid  belonging  to  a  particle  of  matter  in  B,  just  as  much  as 
the  particle  of  matter  in  A  attracts  it  Thus  the  whole 
fluid  in  the  one  repels  the  Whole  fluid  in  the  other  as  much 
as  it  attracts  the  whole  matter. 

Since  this  must  be  ooticeived  cf  every  particle  of  com- 
nlon  matter  in  a  body,  we  must  admit,  that  when  a  body  is 
in  its  tiatural  state,  the  quantity  of  electric  fluid  in  it  is  pro- 
portional to  the  quantity  of  matter,  every  particle  being 
united  with  an  equal  quantity  of  fluid.  This,  however,  does 
not  necessarily  require  that  diflerent  kinds  m  matter,  in 
their  tiatural  or  saturated  state,  shall  contain  the  same  pro- 
portion of  fluid.  It  is  sufficient  that  each  contains  such  a 
quantity,  uniformly  distributed  among  its  particles,  that  its 
repulsion  for  the  fluid  in  another  body  is  equal  to  its  attrac- 
tion for  the  common  matter  in  it.  It  is,  however,  more 
probable,  for  reasons  to  be  given  afterwards,  that  the  quan- 
tity of  electric  fluid  attached,  or  competent,  to  a  particle  of 
all  kinds  of  matter  is  the  same. 

We  shall  now  consider  more  particulariy  the  immediate 
results  of  this  hypothesis,  in  the  most  simple  cases,  from 
which  we  may  derive  some  elementary  propositions. 

10.  Since  our  hypothesis  is  accommodated  to  the  fact,  that 
bodies  in  their  natural  state,  having  their  natural  quantity 
of  electric  fluid,  are  altogether  inactive  on  each  other,  by 
making  this  natural  quantity  such,  that  its  mutual  repulsion 
exactly  balances  its  attraction  for  the  common  matter— it 
follows,  that  we  must  deduce  all  the  electric  phenomena 
from  a  redundancy  or  deficiency  of  electric  fluid.  This  ac- 
cordingly is  the  Franklinian  doctrine.  The  redundant  state 
of  a  body  b  called  by  Dr.  Franklin  positive  or  plus  elec- 
TtticiTY,  and  the  deficient  state  is  called  negative  or  mi- 
nus ELECTBXCITY. 


A  body  may  oontain  more  tban  its  utanl  quantity,  or 
leM,  in  every  part,  or  it  may  be  redundant  in  one  ]daoe  and 
defident  in  another.  These  different  conditions  will  exluhit 
different  appearances,  which  must  be  considered  Qrst  of  alL 

11.  Let  the  body  A  (fig.  1.)  be  supposed  in  its  natural  state 
throughout,  whidi  we  shall  generally  express  by  saying  that 
it  is  BATUBATED ;  and  let  us  express  the  quantity  of  fluid 
required  for  its  saturation  by  the  symbol  Q.     Let  P  be  a 
superficial  particle  of  the  fluid.    It  is  attracted  by  the  com* 
mon  matter  of  the  body,  (which  we  shall  in  future  call  sim-. 
ply  the  maUer^)  and  it  is  repelled  equally  by  the  fluid.  Let 
us  call  the  attraction  a,  and  the  repul^on  r.  Then  the  force 
with  which  tne  superficial  parude  \s  attracted  by  the  body, 
must  be  =  a^-r,  and  a^-r  must  bp  =0,  because  a  =:ns 
Jjct  the  quantity  /  of  fluid  be  added  to  the  body,  and 
uniformly  distributed  through  its  substance.      Then,  be- 
cause we  must  admit  that  the  action  is  in  pnqportic^  to  the 
quantity  of  acting  fluid,  and  this  is  now  Q  +/,  "we  have 


Q :  Q  +f=:r:  5-1^211;  and  therefore  P  is  repelled  by 

the  whole  fluid  with  the  force  ^i^  ^,  or^  +^>  ^ 

fr 
r  +-Q--    But  it  is  attracted  by  the  common  matter  in  the 

same  manner  as  before,  that  is,  with  a  force  =0.    There- 

■  ,  .  fr 

fbre  the  whole  action  onPis=:fl  —  r—  q-.     But  a-^r 

fr 
=  o.   Therefore  the  whole  action  on  P is      ~  "o  *  ^^^  ^ 

h        .  /^ 

P  b  repelled  with  the  force  tt  . 

This  will  perhaps  be  as  distinctly  conceived  by  recollect- 
ing, that  as  much  of  the  fluid  as  was  necessary  for  satura- 
tion, that  is,  the  quantity  Q,  puts  the  particle  P  in  equih- 
brio ;  and  therefore  we  need  only  consider  the  action  of  the 
redundant  fluid/.    To  find  the  repulsive  force  of  this,  say^ 
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■ 

fr 
jQ  :/=  r :  ^,  and  prefix  the  sign  — ;  because  we  are  to 

consider  attractions  as  positive,  and  repulaons  as  negative, 
quantities. 

18.  Unless,  therefore,  the  particle  P  be  withheld  by  som^ 
other  force,  it  will  quit  the  body,  bebg  expelled  by  a  forct 

fr 

''^,    And  as  every  superficial  particle  is  in  a  rimilar  mtua^ 

tion,  we  see  that  there  will  be  an  efflux  from  an  overcharged 
body,  dll  all  the  redundant  fluid  has  quitted  it   This  efflux 

fr 
will  indeed  gradually  diminish  as  the  expelling  force  -q  cK» 

minishes  ;  that  is,  as/dinunisbes,  but  will  never  cease  till 
f  be  reduced  to  nothing.  But  if  there  be  either  an  external 
force  acting  on  the  superficial  fluid  in  th^  opposite  direction^ 
or  some  internal  obstruction  to  its  motion,  the  efflux  will  stop 
when  the  remaining  expelling  force  is  just  in  equilibrio  with 
this  external  force,  or  this  obstruction. 

13.  On  the  other  hand,  if  the  body  contains  less  than  its na» 
tural  quantity  of  fluid,  there  will  be  an  influx  from  without ; 
for  jf  thpre  be  a  deficiency  of  fluid  znfi  the  particle  P  will 

be  repelled  with  the  force  ^ — Ti       >  =  *"  —  "Q~.  ^^  **  at- 
tracted with  the  force  a ;  and  therefore  the  whole  action  ia 

/^  fr 

=a — r +  -Q-,  =:  +  -g-  (because  a -— r  =  o) ;  that  is,  Pia 

fr    . 
attracted  with  the  force  =^.  Fluid  will  therefore  enter  from 

all  quarters,  as  long  as  there  is  any  deficiency  o^thequantir 
tv  necessary  for  saturation,  unless  it  be  opposed  by  some  ex 
ternal  force,  or  hindered  by  some  internal  obstruction. 

When  there  is  a  deficiency  of  fluid,  there  is  a  redundancy 
of  matter,  such  that  its  attraction  for  external  fluid  is  equal 
to  the  repulsion  of  a  quantity/ of  fluid.     This  confirms  the 
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•ssumptkn  in  §  10,  that  ik  aetiam  of  a  boJ^  ok  the  dedrk 
JhtV  Apfirff  mhrr^  m  At  rtAuidasU  JlaUy  or  ike  rtdMndoM 
mmikr  ^ikf  farfy. 

14w  The  efflux  or  influx  may  be  prevented,  either  by  sur- 
lounding  the  body  with  substances,  throagh  the  pores  of  which 
the  fluid  cannot  more  at  all,  or  by  the  body  itself  being  of  this 
coostitutk^n.     And  thus  we  see,  that  the  verv  circumstance 
of  beiny  imperrioiB  to  tbe  floid,  or  completely  permeaUe, 
tenders  the  body  capable  or  incapable  of  permanently  exhi- 
biting electrical  phenomena,  if  surrounded  by  permeable  bo* 
dks»  This  circumstance  akme,  therefore,  is  suffident  tocon- 
adtute  the  difleience  between  dbcfrib  per  ar,  and  aon  eleetria. 
—Hare,  then,  is  a  numerous  dass  of  phenomena,  which  re- 
ceiTe  an  explanation  by  this  hypothetical  constitution  of  the 
electric  fluid.   All  dectricsprr  je  are  bodies  fit  for  confining 
riectricity  in  bodies  whidi  are  rendered  citable  (by  what- 
ever means)  of  producing  dectrical  phenomoia ;  and  no 
conductor,  or  substance  which  allows  the  dectridty  to  pass 
duKHigh  it^  can  be  made  electric  by  any  of  the  means  which 
produce  thai  eflcct  in  nuafcilon.  And  it  b  wdl  known,  that 
the  decUkitY  of  electrics  IS  Tastlr  more  durable  than  that  of 
iMCi  ekctricji  in  similar  situations  It  is  true,  indeed,  that  an 
dedric^  which  has  keen  excited  so  as  to  exhibit  dectric  phe- 
nomena with  gmt  TtTadty^  loses  this  power  rery  quickly  if 
filunged  into  water*  cr  any  other  conducting  body.    But  this 
k  owui^  to  the  redundancy  or  deficiency  being  quire  su[Kr- 
fidaL  so  that  the  parts  wl^  are  dtsposed  to  gire  out  or  to 
take  in  the  fluid  are  in  immediate  contact  wiib  the  ocsdjcdng 
Maltfr>     That  the  redundancT  or  defidencv  is  <ureT&ial* 
ibUows  fitom  tld^  hyiMhesB ;  for  when  the  surtkt?  l<  cTer- 
diarged  by  the  mnns  employed  itor  exdting.  the  icic^rsea- 
lalitT  of  the  eWctiic/^  *«r  prerenl*  this  reviiaodas:  5.:Vi  iVcaa 
penenatic^  k»  any  depth  :  and  when  the  stirfiue  his  h:-va 
rakkivd  dedcicnt  in  fluiJL  the  stmeic;jvr2>riK'.::y  pcwccis 
the  fluid  lK>ctt  cx{unding  tVvci  the  i:::«:rJor  i\in5^  so  is  :«^  %xx5- 
tiibute  to  the  nrpicxuflus^  the  scwrtSdil  s£»:ua  widb  fu:*i. 
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If,  indeed,  we  could  fall  on  any  way  of  overchar^g  the  in- 
terior  parts  of  a  glass  ball,  or  of  abstracting  the  natural  qiian* 
tity  from  them,  it  is  highly  probable,  that  it  would  continue 
to  attract  or  repel  even  after  it  bad  been  plunged  in  water. 
Although  the  surrounding  water  would  instantly  take  off  the 
fluid  redundant  contained  in  the  very  surfaoei  the  repuMoQ 
of  the  fluid  in  the  internal  parts  would  still  be  sensible ;  nay, 
if  a  very  small  permea^bility  be  supposed,  the  body  wouU 
again  become  overcharged  at  the  surface  ;  just  as  we  see^ 
that!  when  we  plunge  a  red  hot  ball  of  iron  into  water,  and 
take  it  out  again  immediately,  it  is  black  on  the  surface,  and 
may  be  touched  with  the  finger ;  but  in  half  a  minute  after^ 
it  again  becomes  red  hot  Perhaps  this  may  be  accomplish* 
ed  with  a  globe  of  sealing  wax,  which  is  permeable  while  li* 
quid,  by  electrifying  it  in  a  particular  way  while  in  that 
state,  and  allowing  it  to  freeze.  But  the  reader  is  not  far 
fsnough  advanced  in  the  hypothesis  to  understand  the  process 
which  must  be  followed.  He  cannot  bat  recollect,  however^ 
many  examples  in  coated  glass,  fi^c.  where  the  electricity  ia 
most  pertinaciously  retained  by  a  surface  in  very  close  con- 
tact with  conductors. 

IS.  Let  us  now  suppose  a  body  N  S  (fig- 8.),  containingin 
the  half  NA  a  quantity/ of  redundant  fluid,  and  in  the  half 
AS  let  there  be  a  deficiency  g*  of  fluid ;  that  is,  let  there  be 
a  quantity  of  matter  unsaturated,  and  such  as  will  attract 
fluid  as  much  as  the  quantity  g  of  fluid  would  repel  it  Ltft 
the  fluid  necessary  for  the  saturation  of  each  half  of  NS  bfe 
Q,  as  before.  Let  the  attraction  of  the  whde  matter  of  NA 
for  a  particle  of  fluid  at  N  be  a ;  and  let  r  be  the  repulston 
exerted  on  the  same  particle  N  by  the  whole  uniformly  difrt 
tributed  fluid  in  NA,  and  let  r'  be  the  repulsion  exerted  by 
the  Mme  quantily  of  fluid  in  the  remote  part  SA.  Then  the 
force  with  which  the  particle  N  or  S  is  attracted  by  the  mere* 
ly  saturated  body  NS  must  be  =:  d  —  r  —  r'.  This  is  evi- 
dently nothing,  if  the  body  be  in  its  natural  state.  But  as 
NA  contains  the  redundant  fluid/,  and  SA  is  deficient  by 
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the  quantity  g,  the  whole  action  must  be  a  —  ^' -^^T 

Q— ff  X  r' 
— g —  ■    But  because  a^r  —  r*  =  o,  the  action  be? 

gr'—fr 
comes  = Q .  or  because  *■  is  greater  than  r',  the  par- 

fr—gf' 
tide  N  is  repelled  with  the  farce  — 5 —  .  In  like  aunner, 

gT—fr^ 
the  particle  S  is  attracted  with  the  force q —  . 

16.  In  the  mean  time,  a  particlcC,  situated  at  the  tniddlr, 
must  be  in  equihbrio,  if  the  body  be  in  its  natural  state,  be- 
ing equally  attracted,  and  also  equally  repelled, on  both  sides. 
But  as  we  suppose  that  NA  is  overcharged  with  the  quan- 
tity/, C  must  be  repelled  in  the  direction  CS  with  the  force 

■q-.  And  ifwealsosupposethat  AS  isdeficient  by  thcquan- 

gr 
Oty  g,  C  is  attracted  in  the  direction  CS  with  a  force  ~q  • 

Therefore,  on  the  whole  it  is  urged  in  tlie  direction  CS  witfe 
the  force 


f'+g'  _.f+e  X  r 


Q     ■"         Q 

17.  Henceweleam,  that  as  long  as  there  is  any  redundan- 
cy in  AN,  and  deficiency  in  AS,  there  is  a  tendency  of  the  re- 
dundant fluid  to  move  from  N  towards  S ;  and,  ii'  the  body 
be  altt^elher  permeable  by  the  electric  fluid,  wc  cannot 
have  a  permanent  state  tdl  the  fluid  is  similarly  distributed, 
and  equally  divided,  between  the  two  halves  of  NS.  There^ 
lore  a  state  hkc  that  assumed  ui  tliis  example  cannot  be  per- 
manent in  a  conducting  body,  unless  an  external  force  act 
on  it ;  but  it  may  subsist  in  a  non-conductor,  and  in  a  lesser 
degree,  in  all  imperfect  conductors, 

18.  It  is  necessary,  in  this  place,  to  consider  a  little  the  na- 
ture of  that  resistance  which  must  be  assigned  to  tlic  motion 
of  the  electric  fluid  through  the  pores  of  the  body.  If  it 
resemble  the  resistao'^  '-«  a  perfect  fluid,  arising 
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IDldy  fixnn  the  inerUa  of  its  particles,  then  there  is  no  in- 
equality of  force  so  minute  but  that  it  will  operate  a  uniform 
distribution  of  the  fluid,  or  at  least  a  distribution  which  will 
make  the  excess  of  the  mutual  attractions  and  repulsions 
precisely  equal  and  opposite  to  the  external  force  which 
keeps  it  in  any  state  of  unequal  distribution.     But  it  may 
resemble  the  resistance  to  the  descent  of  a  parcel  of  snail 
thot  disseminated  among  a  quantity  of  grain,  or  the  resist- 
ance to  moUon  through  the  pores  of  a  plastic  or  ductile 
body,  such  as  clay  or  lead.     Here,  in  order  that  a  particle 
may  change  it3  place,  it  must  overcome  the  tenacity  of  the 
adjoining  particles  of  the  body.     Therefore,  when  an  tin- 
equal  distribution  has  been  produced  by  an  external  force, 
the  removal  or  alteration  of.  that  force  will  not  be  followed 
by  an  equable  distribution  of  the  fluid    In  every  part  there 
will  remain  such  an  inequality  of  dbtribution,  that  the  want 
of  equilibrium  between  the  electric  attractions  or  repulsions 
is  balanced  by  the  tenacity  of  the  parts. 

19.  We  learn  fdi^her  from  the  foregoing  propositions,  that 
a  particle  at  N  is  less  repelled  than  if  the  pert  AS  were 
overcharged  as  AN  is :  for  in  that  case,  it  would  be  expd*- 

led  by  a  force  — g ^,  which  is  much  greater  than  — q^ — 

And,  in- like  manner,  the  particle  S  is  attracted  with  less 
force  than  it  would  be  if  NA  were  equally  undercharged 
with  SA. 

20.  The  condition  of  the  body  liow  described  may  be  chan- 
ged by  different  methods.  The  redundant  fluid  in  AN  may 
flow  into  AS,  where  it  is  deficient,  till  the  whole  be  uniform- 
ly distributed ;  or  fluid  may  escape  from  AN,  and  fluid  may 
enter  into  AS,  till  the  body  be  in  its  natural  state.  The 
first  method  will  be  so  much  the  slower  as  the  body  is  less 
permeable,  or  more  remarkably  electric  per  h  ;  and  the  se- 
cond method  will  be  slower  than  if  the  whole  body  were 
overcharged  or  undercharged. 

21.  What  we  have  been  now  saying  of  a  body  NS  that  is 
overcharged  at  one  end,  and  undercharged  at  the  other,  and 


I 
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cR|»ble  oTreutmog  tHa  Mate,  u  apffoble,  in  vrvrj  jm- 
ticular,  b>  two  ooadncUDg  bodin  NA  apd  SA',  hsvbig  a 
DoD'OOuductiag  boly  Z  inierpoKd  between  tbem,  as  in  fig.3L 
AH  the  fonntiUs,  ur  expr^aons  of  the  foroM  which  lend  M 
expel  or  to  draw  in  fluid,  are  the  lanu;  ■*  before.  Perfaapf 
this  is  the  best  way  af  (ono'ing  to  ounelves  a  diatisct  notioa 
of  the  body  that  is  redundant  ii  ftuid  at  one  end,  and  A^ 
ficietil  at  ihi!  other.  And  we  perceive,  that  the  state  of  tbft 
two  bodies,  sefiorated  by  tbe  electric  Z,  will  be  more  pemft* 
Bent  when  one  is  (n-ercbarged,  and  tJie  otlier  undercharge^ 
than  if  both  ore  either  over  or  undercharged. 

22.  It  mu»  be  remarked,  that  the  quantities/and^wae 
taken  at  random.  They  may  be  to  taken,  that  tbe  Anw 
with  which  the  fluid  tends  to  escape  at  N,  or  to  enter  at  B, 
may  be  nothii^,  or  may  even  be  Ghanged  to  tbetr  opposite^ 
Thus,  in  order  that  there  mav  be  no  tendency  lo  escape 
fromN,  we  have  only  to  suppose  ^r* — fr=o,arg:f=r:  /, 


In  this  case,  tbe  particle  at  N  is  as  much  at- 


and^  =  -^. 

tmcted  by  the  redundant  matter  in  SA  as  it  is  repelled  hf 
the  redundant  fluid  in  NA. 

23,  \Vhen  the  extremity  N  is  rendered  inactire  m  this  man- 
ner^c  condition  of  the  other  extremity  S  k  couaderahly  chao- 

ged.  To  discover  this  condition,  put  —  in  place  of  ^  in  the 

rormuk  ^ — ^ — ,  which  expresses  the  attraction  fjor  a  p»- 

tide  at  S,  and  we  obtain -^-^- — ~ — .  ,4 

Qr'  <  I 

24.  Onthe  other  band,  we  mar  have  the  redundancr  and 
deficiency  to  balanced,  that  there  shall  be  no  tendency  to  in- 

fluxatS.  For  this  purpose,  we  must  makeg  = —.    Wbea 
this  obtains  at  S,  the  actioo  at  N  will  be  had  by  putting 


—  in  place  of  ^  in  the  formula  - 


-,  and  ibis  wUl  giv( 


/x'-"-^ 


for  the  foioe  iqt^ng  a  particle  at  N. 
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2B.  When  the  tendency  to  efflux  or  influx  19  induced  in 
this  manner,  by  a  due  proportion  of  the  redundancy  and  de* 
ficiency  of  electric  fluid,  the  part  of  the  bpdy  where  this  ob* 
tains  is  by  no  means  in  its  natural  stated  and  may  contain 
eith&t  more  or  kss  than  its  natural  quanUty.  But  it  neither 
acts  hke  an  overcharged  nor  like  an  undercharged  body, 
and  may  therefore  be  called  mbutral.  The  reader  who  U 
conversant  with  electrical  experiments,  will  recollect  number* 
ks8  instanceis  of  this,  and  will  also  recollect  that  they  ana 
important  ones.  Sudi,  for  example,  is  the  case  with  Vh9 
plates  and  covers  of  the  eleclcophorua.  These  circumstaDceSy 
therefore,  daim  particular  attention. 

2&  As  the  quantities/and  g  may  be  so  chosetti  that  the 
apparatus  shall  be  netUraly  either  at  S  or  at  N ;  they  may 
likewise  be  so,  that  either  end  shall  exhibit  dither  the  appear- 
ance of  redioMiafcqy  or  deAckncy.  Thus,  instead  of  neutrality 
at  N,  we  may  have  repulsion,  as  at  the  firsts  by  making  g 

less  in  any  degree  than  -7.  If, on  the  contrary,^ be  great- 

fr 

er  than  -7,  the  extremity  N,  though  overcharged,  will  at- 

tract  fluid.  In  like  manner,  if  ^  be  less  than — ,  the  ex- 
tremity S,  although  undercharged,  will  repel  fluid.— We 
may  make  the  following  general  remarks. 

27,  Firstf  Both  extremities  N  and  S  cannot  be  neutral  at  the 
same  time :  for  since  the  neutrality  arises  from  the  increas- 
ed quantity  of  redundancy  or  deficiency  at  the  other  extre- 
mity, so  as  to  compensate  for  its  greater  distance,  the  acti- 
vity of  that  extremity  must  be  proportionably  greater  on  the 
fluid  adjoining  to  its  surface,  whether  externally  or  inter- 
nally. When  an  overcharged  extremity  is  rendered  neutral, 
the  other  extremity  attracts  fluid  more  strongly  ;  and  when 
a  defident  extremity  is  rendered  neutral,  the  other  repels 
fluid  more  strongly.  All  these  elementary  corollaries  will 
be  fully  verified  afterwards,  and  give  clear  explanations  of 
the  most  curious  phenomena. 
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Sectmij  We  have  been  supposing,  that  the  redundant  flmd 
is  uniformly  qpread,  and  that  the  body  is  divided  into  equal 
portions ;  but  this  was  merely  to  amphfy  the  procedure  and 
the  formulae.  The  reader  must  see,  that  the  general  ood^ 
elusions  are  not  affected  by  this,  and  that  similar  formuIsB 
will  be  obtained,  whatever  is  the  disposition  of  the  fluid, 
We  cannot  tell  in  what  manner  the  redundant  fluid  is  dis- 
posed, even  in  a  body  of  the  simplest  form,  till  we  know 
what  is  the  variation  of  its  attraction  and  rqiulaon  by  a 
change  of  distance ;  and  even  when  this  has  been  discover- 
ed, we  find  it  difficult  in  most  cases,  and  impossible  in  many^ 
to  ascertain  the  mode  of  distribotion.  We  shall  learn  it  in 
aome  important  cases,  by  means  of  various  phenomena  ju- 
diciously selected. 

88.  A  body  may  be  considered  in  many  divisioiis,  in  aome 
of  whidi  the  fluid  is  redundant,  and  in  others  deficient  We 
nay  express  the  repulsion  of  the  whole  of  this  body  in  the 
same  way  as  we  express  that  of  a  body  considered  in  two 
divisions,  uang  the  lettersy^  gj  k,  &c.  to  express  the  quan- 
tities of  redundant  or  deficient  fluid  in  each  portion,  while 
Q  expresses  the  quantity  necessary  for  saturating  eadi  of 
them ;  and  the  repul^n  at  different  distances  may  be  ex- 
pressed by  r,  r\  r",  r^',  &c.  as  they  are  more  and  more 
remote ;  and  we  may  eicpress  their  action  as  attractive  or  re- 
pulsive by  prefixing  the  sign -f  or  «^     Thus  the  attraction 

may  be q ,  &a 

29.  Having  obtained  the  es^presaons  of  the  invisible  ac- 
Uons  of  electrified  bodies  on  the  fluid  witlun  them,  or  sur- 
rounding them,  let  us  now  consider  their  sensible  actions  on 
other  bodies,  producing  motion,  or  tendencies  to  motion. 

Here  it  is  obvious,  that  the  mechanical  phenomena  ex- 
lubited  are  what  may  be  called  mtofr  effectb  of  the  acting 
Circes.  The  immediate  effects,  or  the  mutual  actions  of  the 
partides,  are  not  observed,  but  hypothetically  inferred.  The 
tangible  matter  <£  the  body  b  put  in  motion,  in  consequence 
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oF  its  cennection  with  the  fluid  residing  in  the  body,  which 
fluid  is  the  only  subject  of  the  action  of  the  other  body. 

In  considering  these  phenomena,  we  shall  content  our- 
selves with  a  more  general  view  of  the  actions  which  take 
place  between  the  fluid  or  tan^ble  matter  of  the  one  body, 
and  the  fluid  or  matter  of  the  other,  so  as  to  gain  our  pur- 
pose by  more  simple  formulae  than  those  hitherto  employed. 
They  were  premised,  however,  because  we  must  have  re- 
course to  them  on  many  very  important  particular  occasions. 

SO.  Let  there  be  two  bodies,  A  and  B,  in  their  natural 
state.  Let  the  tangible  matter  in  A  be  called  M,  and  let  the 
fluid  necessary  for  its  saturation  be  called  F,  and  let  m  and/ 
be  the  tangible  matter  and  the  fluid  in  B.  Let  the  mutual 
action  between  a  single  particle  of  fluid  and  the  matter  ne- 
cessary for  its  saturation  be  expressed  by  the  indeterminate 
symbol  r,  because  it  varies  by  a  change  of  distance. 

The  actions  are  mutual  and  equal.  Therefore  when  the 
motion  of  B  by  the  action  of  A  is  determined,  the  moUon  of 
A  is  also  ascertained.  We  shall  therefore  only  consider  how 
A  is  aff*ected.  1.  Every  particle  of  fluid  in  A  tends  toward 
every  pardde  of  matter  in  B  wilirthe  force  z.  The  whole 
tendency  of  A  toward  B  may  therefore  be  expressed  by  z, 
multiplied  by  the  product  of  F  and  m.  8.  Every  particle 
of  fluid  in  A  is  repelled  by  every  particle  of  fluid  in  B,  with 
the  same  force  z.  3.  Every  particle  of  matter  in  A  is  at- 
tracted by  every  particle  of  fluid  in  B,  with  the  same  force. 
We  may  express  this  more  clearly  and  briefly  thus : 

1.  F  tends  toward  m  with  the  force  -^  ¥  m  z 

2.  F  tends  from  f  with  the  force      —  F  /  ar 

3.  M  tends  ifotoard/ with  the  force  +  Mf  z 

Therefore  the  sensible  tendency  of  A  to  or  from  B  will  be 
=  z  X  Fm  +  M/ — Ff.  But,  by  the  hypothesis,  the 
attraction  of  a  particle  of  the  fluid  in  A  for  a  particle  of  the 
matter  in  B,  b  equal  to  its  repulsion  for  the  particle  or  parr 
yoh.  IV.  1 


n 

0A  0i  iht  flood  flCtadbfd  cr  cc— prfntf  io  that  pntkle  of 
vjiC^far^  ThtfiiuK:  Uie  jcsxu^iiui  F  ai  r  u  hilmrrd  by  the 
refK^^mm  ¥  J  z.  TusseSsm^  ibat  reauins  the  aftractioa  of 
iIm;  fiuettiCT  in  A  £cr  tixr  fluod  ia  B  uphaLmrHl,  and  the  bodj 
A  vtU  u«id  teward  the  ImJj  B,  vitfa  the  fbrce  M/r,  or  B 
atlracU  A  vith  the  fiMxe  M/x.  A  muit  there&re  move 
lovatfd  B.  And^  bjr  the  3d  law  of  mcrtion,  B  most  move 
toward  A  vitb  equal  force. 

31.  But  the  fael  k,  that  no  tendency  c^anv  kind  is  ob- 
served between  budiet  in  their  natund  state.  The  hypothe- 
M  tlserefore,  is  not  coiDplete.  If  we  abide  by  it,  as  far  as  it 
is  already  exjjressed,  we  must  farther  suppose,  that  there  is 
some  rcfiulftive  force  exerted  between  the  bodies  to  balance 
the  attraction  of  M  for/.  Mr.  iEpinos,  therefore,  supposes, 
that  every  particle  of  tangible  matter  repels  another  particle 
an  much  as  it  attracts  the  fluid  necessary  for  its  saturation* 
The  whole  action  of  B  on  A  will  now  be  =  z  xTw— T/ 
—  M"m  +  M/.  r  m  X  is  balanced  by  F/z,  and  M  tn  j?  bj 
My*2,  and  no  excess  remains  on  either  side. 

38.  ifCpinus  acknowledges,  tliat  this  drcumstance  iqppeared 
to  himself  to  be  hardly  admissible;  it  seeming  inconceivable, 
that  a  particle  in  A  shall  repel  a  particle  in  B,  or  tend  from 
it,  electrically,  while  it  attracts  it,  or  tends  toward  it,  by 
planetary  gravitation.  We  cannot  conceive  this ;  but  more 
attentive  consideration  shewed  him,  that  there  is  nothing  in 
it  contrary  to  the  observed  analogy  oS  natural  operations. 
We  must  acknowledge,  that  we  see  innumerable  instances 
of  inherent  Ibrccs  of  attraction  and  repulsion ;  and  nothing 
hinders  us  from  referring  this  lately  discovered  power  to  the 
class  of  {Nriraitivc  and  fundamental  powers  of  nature.  Nor 
is  there  any  difliculty  in  reconciling  this  repulsion  with  un^ 
vcrsal  gravitation;  for  while  bodies  are  in  their  natural 
state,  the  electric  attractions  and  repulsions  precisely  balance 
each  other,  and  there  is  nothing  to  disturb  the  phenomena 
of  planetary  gravitation ;  and  when  bodies  are  not  in  thor 
natural  electrical  state,  it  is  a  fact  that  tlieir  gravitation  is 
disturbed.    Although  we  cannot  conceive  a  body  to  have  4 
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tendency  to  another  body,  and  at  the  same  time  a  tendency 
from  it^  when  we  tilerive  our  notion  of  these  tendencies  en- 
tirely from  our  own  consciousness  of  effort,  endeavour,  coiia- 
litf,  nisus  accedendi  ecu  recedtndif  nothing  is  more  certain  than 
that  bodies  exhibit  at  once  the  appearances  which  we  endea* 
▼our  to  express  by  these  words.     We  can  bring  the  north 
poles  of  two  magnets  near  each  other,  in  which  case  they 
recede  from  each  other;  and  if  this  be  prevented  by  some 
obstacle,  they  press  on  this  obstacle,  and  seem  to  endeavour 
to  separate.     If,  while  they  are  in  this  state,  we  electrify 
one  of  them,  we  find  that  they  will  now  approach  each 
other ;  and  we  have  a  distinct  proof  that  both  tendencies  are 
in  actual  exertion  by  varying  their  distances,  so  that  one  or 
other  force  may  prevail ;  or  by  placing  a  third  body,  which 
shall  be  affected  by  the  one  but  not  by  the  other,  &c    We 
do  not  understand,  nor  can  conceive  in  the  least,  how  either 
force,  or  how  gravity,  resides  in  a  body ;  but  the  effects  are 
past  contradiction.    It  must  be  granted,  therefore,  that  this 
additional  circumstance  of  iEpinus^s  hypothesis  has  nothing 
in  it  that  is  repugnant  to  the  observed  phenomena  of  nature. 
N.B.  It  is  not  necessary  to  suppose  (although  Mr.  iEpinus 
does  suppose  it),  that  every  atom  of  tangible  matter  repels 
every  other  atom.     It  will  equally  explain  all  the  pheno- 
mena, if  we  suppose  that  every  particle  contains  an  atom  or 
ingredient  having  this  property,  and  that  it  is  this  atom 
alone  which  attracts  the  particles  of  electrical  fluid.  The  ma- 
terial atoms  having  this  property,  and  their  corresponding 
utoms  of  fluid,  may  be  very  few  in  comparison  with  the 
number  of  atoms  which  compose  the  tangible  matter.  Their 
mutual  specific  action  being  very  great  in  comparison  with 
the  attraction  of  gravitation  (as  we  certainly  observe  in  the 
action  of  light),  all  the  phenomena  of  electricity  will  be  pro- 
duced without  any  sensible  effect  on  the  phenomena  of  gra- 
vitation, even  although  neither  the  electric  fluid  nor  its  ally, 
this  ingredient  of  tangible  matter,  should  not  gravitate.  But 
this  supposition  b  by  no  means  necessary. 
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Since  we  call  that  the  natural  electrical  state  of  bodies  in 
which  they  do  not  affect  each  other,  and  the  hypothetical 
]M)wers  of  the  fluid  are  accom modal ed  to  this  condition,  we 
may  consider  any  body  that  has  more  than  its  natural 
quantity  as  consisting  ofa  qnantity  of  matter  saturated  with 
fluid,  and  a  quantity  of  redundant  fluid  superadded ;  and 
an  undercliarged  body  may  be  considered  as  consisting  of  B 
quantity  of  matter  superadded.  The  saturated  matter  of 
these  two  bodies  will  be  totally  inactive  on  another  body  in 
its  natural  stale,  and  will  neither  attract  nor  repel  it,  nor  be 
attracted  nor  repelled  by  it ;  therefore  the  action  of  the 
nvcrchar^eil  body  will  depend  entirely  on  the  redundant 
fluid ;  and  that  of  the  undercharged  body  will  depend  en- 
tirely on  the  redundant  matter ;  therefore  we  need  only 
consider  them  as  consisting  of  this  redundant  fluid  or  mat* 
ter,  agreeably  to  what  was  s^d  in  more  vague  terms  in 
§  10.  and  13.  This  will  free  ua  from  the  complicated  for- 
mula? which  would  otherwise  be  necessary  for  expressing  all 
the  actions  of  the  fluid  and  tangible  matter  of  two  bodies  on 
each  other.  The  results  will  be  sufliciently  particular  for 
distinguishing  the  sensible  action  of  bodies  in  the  chief  g<e- 
Bcral  cases ;  but  in  some  particular  and  important  cases,  it 
ia  absolutely  necessary  to  employ  erery  term. 

33.  Fint^  Suppose  two  bodies  A  and  B,  containing  the 
quaatities  F'aod/'  of  redundant  fluid,  it  is  plain  that  th«r 

J  xtiaa  is  expressed  by  F'  x/'  +  z,  and  tliat  it  is  a 
i  (ca  sinoc  every  pulidc  of  redundant  fluid  in  A 
npib  every  paiticte  of  redundant  fluid  in  B  with  the  fotce 
a;  and  mace  ¥'  andy  are  the  numbers  of  such  particles  in 
(sch,  the  whole  rcpulsMHi  must  be  expressed  by  (be  product 
of  these  nuubeis. 

34.  Sfnmd,  In  like  nuunier,  two  bodies  A  and  B,  ton- 
taimng  th«  retlundant  matter  M'  and  m',  will  repel  each 
other  widt  the  fiirce  M  W  i. 

31  Thtrd,  And  two  bodin  A  and  B,  one  of  which  A 
•  the  Rdunduit  fluid /*,  asd  the  other  B  anuins  tb« 
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f«cluiidant  matter  m,  will  attract  each  other  with  the  force  F 

36.  Fourth^  It  follows  from  these  premises,  that  if  either 
of  the  bodies  be  in  its  natural  state,  they  will  neither  attract 
nor  repel  each  other ;  for,  in  such  a  case,  one  of  the  factors 
F',  or/' ,  or  M',  or  m',  which  is  necessary  for  making  a  pro- 
duct, is  wanting.  This  may  be  perceived  independent  of 
the  mathematical  formula;  for  if  A  contain  redundant  fluid, 
and  B  be  in  its  natural  state,  every  particle  of  the  redundant 
fluid  in  A  is  as  much  repelled  by  the  natural  fluid  in  B  as 
it  is  attracted  by  the  tangible  matter. 

37.  The  three  first  propositions  agree  perfectly  with  the 
known  phenomena  of  electricity ;  for  bodies  repel  each  other, 
whether  both  are  positively  or  both  are  negatively  electrified, 
and  bodies  always  attract  each  other  when  the  one  is  poa« 
tively  and  the  other  negatively  electrified.  Qut  the  fourth 
case  seems  very  inconsistent  with  the  most  famiUar  pheno- 
mena. Dr  Franklin  and  all  his  followers  assert,  on  the  con^ 
trary,  that  electrified  bodies,  whether  positive  or  negative, 
always  attract,  and  are  attracted,  by  all  bodies  which  are  in 
their  natural  state  of  electricity.  But  it  will  be  clearly  shewn 
presently,  that  they  are  mistaken,  and  that  Franklin^s  theory 
necessarily  supposes  the  truth  of  the  fourth  proposition, 
otlierwise  two  bodies  in  their  natural  state  could  not  be  neu- 
tral or  inactive,  as  any  one  may  perceive  on  a  very  sUght 
examination  by  the  Franklinian  principles.  It  will  present- 
ly appear,  with  the  fullest  evidence ;  and,  in  the  mean  time, 
we  proceed  to  explidn  the  action  of  bodies  which  are  over- 
charged in  some  part,  and  undercharged  in  another. 

38.  Let  the  body  B  (fig.  4.)  be  overcharged  in  the  part 
B  n,  and  undercharged  in  the  part  B  «,  and  let/'  and  m  be 
the  redundant  fluid  and  common  matter  in  those  parts ;  let 
A  be  overcharged,' and  contain  the  redundant  fluid  F';  let 
X  and  2'  express  the  intensity  of  action  corresponding  with 
the  distances  of  A  from  the  overcharged  and  undercharged 
parts  of  B ;  fhe  part  B  n.  repels  A  with  the  force  Y'f'Zy 
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while  the  part  BS  attracts  h  with  the  force  T'm'z:  A  will 
therefore  be  attracted  or  repelled  by  B,  according  as¥  m  x' 
19  greater  or  less  than  Tf  x! ;  that  h^  according  asm' t  \s 
greater  or  less  than/*'  ;.  This,  again,  depends  on  the  pro- 
portion of/  to  wff,  and  on  the  proportioa  of  7  to  z\  The 
first  depends  on  many  external  circumstances,  which  may 
occasion  a  greater  or  less  redundancy  or  deficiency  of  elec- 
trical fluid ;  the  second  depends  entirely  on  the  law  of  eleo- 
tric  attraction  and  repulsion,  or  the  change  produced  in  its 
intensity  by  a  diange  of  distance.  As  we  are,  at  present, 
only  aiming  at  rery  general  notions,  it  is  enough  to  recol- 
lect, that  all  the  electric  phenomena,  and  indeed  the  general 
analogy  of  nature,  concur  in  shewing  that  the  intensity  of 
both  forces  (attraction  and  repul^on)  decreases  by  an  in- 
crease of  distance ;  and  to  combine  this  with  that  circum- 
stance of  the  hypothesis  which  states  the  repulsion  to  be 
equal  to  the  attraction  at  the  same  distance ;  therefore  both 
forces  Tary  by  the  same  law,  and  we  hare  r  always  greats 
than  z\  The  Tisible  action  of  B  on  A  (which,  by  the  Sd 
law  of  motion,  is  accompanied  by  a  similar  acticm  of  A  on 
B)  may  be  various,  even  with  one  position  of  B,  and  will  be 
dumged  by  changing  this  portion. 

First,  We  may  suppose  that  B  contains,  on  the  whole,  its 
natural  quantity,  but  that  part  of  it  is  abstracted  from  BS, 
and  is  crowded  into  BN.  This  is  a  Terr  common  case,  as 
we  diall  see  presently,  and  it  will  be  expressed  in  our  for- 
mula, by  making/'  ma".  In  this  case,  therefore,  we  have 
F'/  z  greater  than  F  m'  r,  because  s  is  greater  than  2'.  A 
will  therefore  be  repeDed  by  B,  and  wiU  repel  it ;  and  the 
repulsion  will  be  F'/'  X  ^  —  z'. 

It  is  evident,  that  if  A  be  placed  on  the  other  ade  of  B, 
the  a|^)earances  wiU  be  rerersed,  and  the  bodies  will  attract 
each  other  with  the  force  F'/'  X  s  —  r*. 

It  is  abo  plain,  that  if  A  be  as  much  undercharged  as  we 
have  supposed  it  overcharged,  all  the  appearances  will  be  re- 
versed ;  if  on  the  undercharged  ade  of  B,  it  will  be  repelled; 
and  if  on  the  overcharged  ade  of  B,  it  will  be  attracted. 
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S&.  Seamd^  If  the  redundancy  and  defidency  in  the  two 
t)ortions  of  B  be  inversely  prc^rtional  to  the  forces^  so  that 

F'  :»'  =  «' :  g,  we  shall  have/'  2=m'  z\  and  m'  =  — • 

In  this  case  these  two  actions  balance  each  other,  and  A  is 
neither  attracted  nor  repelled  when  at  this  precise  distance 
from  the  overcharged  side  of  B.  B  may  be  said  to  be  nbu- 
tral  with  respect  to  A,  although  A  and  the  adjoiDing  side 
of  B  are  both  overcharged. 

40..  But  if  A  be  placed  at  the  same  distance  on  the  other 
side  of  B,  the  effect  will  be  very  different :  For  because 

971'  =1  -p-,  and  m'  z'  is  now  changed  into  m!  z^  and/'  z  into 
fz',  we  have  the  action  on  A  =  F'  X  (^  — f  «'),  = 

^'f  X  — ^; — ;  that  is,  A  is  strongly  attracted. 

In  like  manner,  /'  and  m!  may  be  so  proportioned,  that 
when  A,  containing  redundant  fluid,  is  placed  near  the  un- 
dercharged end  of  SB,  it  shall  neither  be  attracted  nor  re- 
pelled, B  becoming  neutral  with  regard  to  A  at  that  precise 

distance.     For  this  purpose  w!  must  be  =  —  .     And  if  A 
be  now  placed  at  the  same  distance  on  the  other  side  of  B, 

it  wiU  berepdlcd  with  the  force  F/'  ^  ""  ~^  ■ 

Thus,  when  the  overcharged  end  is  rendered  neutral  to 
an  overcharged  body,  the  other  end  strongly  attracts  it ; 
and  when  the  undercharged  end  is  rendered  neutral  to  the 
same  body,  the  overcharged  end  strongly  repels  it. 
.  Similar  appearances  are  exhibited  when  A  is  under- 
charged. 

,  These  cases  are  of  frequent  occurrence,  and  are  import- 
ant, as  will  appear  afterwards; 

41.  It  is  easy  now  to  see  what  changes  will  be  made  on 
the  action  of  B  on  A,  by  changing  the  proportion  of/'  and 

m\  If  m'  be  made  greater  than  — r,  A  will  be  attracted  in 
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the  situation  where  it  was  formerly  neutral ;  and  if  m'  he 
made  less,  A  will  be  repelled,  &c.  &c. 

Therefore,  when  we  observe  B  to  be  neutral,  or  attrac- 
tive, or  repulsive,  we  must  conclude  that  m'  is  equal  to 

—f  or  greater  or  less  than  it,  &a 

We  have  been  thus  minute,  that  the  reader  may  perceive 
the  agreement  between  this  action  on  a  body  containing  re- 
dundant fluid,  and  the  action  on  the  superficial  fluid  for- 
merly considered  in  $  21,  22,  23,  24.  When  these  things 
are  attended  to,  we  shall  explain,  with  great  ease,  all  the 
curious  phenomena  of  the  electrophorus. 

42.  There  is  another  circumstance  to  be  attended  to  here, 
which  will  also  explain  some  electrical  appearances  that  seem 
very  puzzling.  We  limited  the  inactivity  of  B  to  a  certmn 
precise  distance  of  the  body  A.     This  inactivity  required 

that  m'  should  be  =  — .     If  A  be  brought  nearer,  both  z 

and  ;r'  are  increased.   If  they  are  both  increased  in  the  same 

z 
prc^rtion,  the  value  of  — r  will  be  the  same  as  before,  and 

the  body  A  will  neither  be  attracted  nor  repdied  at  this  new 
distance.  But  if ;:  increase  faster  than  z\  we  shall  have/*'  s 
greater  than  m'  s\  and  A  will  be  repelled ;  and  if  z  increases 
more  slowly  than  z\  A  will  be  attracted  by  brii^ing  it  nearer. 
The  contrarv  efiects  will  be  observed  if  A  be  removed  far- 
ther  from  the  overcharged  end  of  B.  This  explains  man  j 
curious  phenomena ;  and  those  phenomena  become  instruc- 
tive, because  they  enable  us  to  discover  the  law  of  electric 
action,  by  shewing  us  the  manner  in  which  it  diminishes  by 
a  change  of  distance.  Electricians  cannot  but  recollect 
many  instances^  in  which  the  motion  of  the  electrometer  ap- 
peared very  capricious  The  general  fact  is,  that  when  an 
ov<n>charged  pith  ball  is  so  sitiuted  near  the  overcharged  side 
of  the  electrophorus  as  to  be  neutral,  it  is  repelled  when 
brought  nearer,  but  attracted  whoi  removed  to  a  great  dis- 
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taHoe.  This  shews  that  z  increases  faster  than  x'  when  A 
18  brought  nearer  to  B.  Now,  since  the  bodies  mtiy  be  again 
rendered  neutral  at  a  greater  distance  than  before,  and  the 
same  appearances  are  still  observed,  it  follows,  that  the  law 
of  action  is  such,  that  every  diminution  of  distance  causes  m 
to  increase  faster  than  z\  We  shall  find  this  to  be  valuable 
information. 

43.  Let  us,  in  the  last  place,  inquire  into  the  sensible  ef- 
fect on  A  when  it  also  is  partly  overcharged  and  partly  un- 
dercharged. This  is  a  much  more  complicated  case,  and  is 
susceptible  of  great  variety  of  external  appearanbes,  accord- 
ing to  the  degrees  of  redundancy  and  deficiency,  and  ac- 
cording to  the  kind  of  electricity  (positive  or  negative)  of 
the  ends  which  front  each  other. 

44.  First,  then,  let  the  overcharged  end  of  A  (fig.  fi.) 
front  the  undercharged  end  of  B,  they  being  overcharged  in 
N  and  »,  but  undercharged  in  S  and  9.  Let  F  and/  be  the 
quantity  of  fluid  natural  to  each ;  and  let  F^  and/'  be  the 
redundancy  in  N  and  n,  and  M'  and  m'  the  deficiency  in 
S  and  8.  Moreover,  let  Z  and  Z'  represent  the  intensity  of 
actions  of  a  particle  in  N  on  a  particle  in  n  and  9 ;  and  let 
z  and  z'  represent  the  actions  of  a  particle  in  S  on  a  particle 
in  n  and  in  « ;  or,  in  other  words,  let  Z,  Z',  jet,  z\  represent 
the  intensity  of  action  between  particle  and  particle,  cor- 
responding to  the  distances  N  »,  N  n,  S  9,  S  n. 

Proceeding  in  the  same  manner  as  in  the  former  ex- 
amples, we  easily  see,  that  the  action  of  B  on  A  is  = 

F' m'  Z  —  F'f  Z'^M'm  z  +  M'/'  jk' 
jrys ;  the  attractions 

are  considered  as  positive  quantities,  having  the  sign  +  pre- 
fixed to  them,  and  the  repulsions  are  negative,  having  the 
sign  — . 

This  action  will  be  either  attractive  or  repulsive,  accord- 
ing as  the  sum  of  the  first  and  last  terms  of  the  numerator 
exceeds  or  falls  short  of  the  sum  of  the  second  and  third : 
And  the  value  of  each  term  will  be  greater  or  less,  accord- 
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iag  to  the  qumtity  of  redundant  fluid  and  matter,  and  alia 

aceordiiig  to  the  intensitv  of  the  dectric  actioa.     It  would 

lequire  sereral  pages  to  state  all  those  posoble  varieUes. 

We  ftul\  therefore  coBteot  ourselves  at  present  with  stating 

the  soplesl  case ;  because  a  dear  conception  of  this  will  en- 

ajble  the  reader  to  form  a  pretty  distinct  notion  of  the  either 

possible  cases ;  and  also,  because  this  case  is  very  (requenty 

and  is  the  most  useful  for  the  explanation  of  phenomena. 

We  shall  suppose,  that  the  redundant  part  of  each  body 

is  just  as  much  overcharged  as  the  deGcient  part  is  under- 

duaged;  so  that  F'  =  M ,  and/'  =  m\     In  this  case,  the 

-,_  ,    , F/'(Z  — Z— r  +  r) 

mmula  lieoooies  py ^. 

Here  we  see  that  the  sensaUe  or  external  elEect  on  A  de- 
pends entirdy  on  the  law  of  dectric  action,  or  the  variation 
of  its  intensity  by  a  chan^  of  dislanrp-  If  the  som  of  Z 
and  r  exceed  the  sum  of  Z'andr,  A  will  be  attracted ;  but 
if  Z'  +  -  be  less  than  Z  +  '«  A  will  be  repdled.  Tlua 
circumstance  suggests  to  us  a  very  perspictious  method  of 
expressing  these  actions  between  partide  and  particle,  so 
that  the  imagination  shall  have  a  ready  conception  of  the 
circumstance  which  determines  the  external  eonplicated  ef- 
fect of  this  internal  action.  This  will  be  obtained  by  me*- 
sofmg  off  from  a  fixed  point  of  a  straight  line  portions 
respectivdy  equal  to  the  distances  N  «,  N  a,  S  «,  and  S  a, 
between  the  points  of  the  two  bodies  A  and  B,  where  we 
mppose  the  forces  of  the  redundant  fluid  and  redundant 
matter  to  be  concentrated,  and  erect  ranfinates  hainng  the 
proportion  of  those  forces^  If  the  law  of  action  be  known, 
eres  though  very  imperfectly,  we  shall  see,  with  one  glance, 
of  which  kind  themorements  or  tendendes  of  the  bodies  will 
be.  Thus,  in  fig.  5,  drawing  the  line  C  r,  take  C  j»  =  N  ^, 
Cf  =  Na,  CrzzSsj  and  Cf  rrSa,  and  erect  the ordinates 
P/^Qf,Rr,  andTf.  If  the  dectric  action  be  like  aU  the 
odKr  attractions  and  repulsions  whidi  we  are  femiGarly  ac- 
qunuited  with,  decreasing  with  an  increase  of  dBstance,  and 
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decreasing  more  slowly  as  the  distances  are  greater,  these 
ordinates  will  be  bounded  by  a  curve  PQRTZ,  which  hat 
its  convexity  turned  toward  the  axis.  We  shall  presently 
get  full  proof  that  this  is  the  case  here ;  but  we  premise  this 
general  view  of  the  subject,  that  we  may  avoid  the  more 
tedious,  but  more  philosophical,  process  of  deduang  the  na- 
ture of  the  curve  from  the  phenomena  now  under  consider- 
ation. 

45.  This  construction  evidently  makes  the  pur  of  ordi^ 
nates  Pp,  Q  9,  equidistant  with  the  pair  R  r,  T  t.  Also,  Pp^ 
R  r,  and  Q  9,  T  <,  are  equidistant  pairs*    It  is  no  less  clear» 
that  the  sum  of  F  p  and  T  f,  exceeds  the  sum  of  Q  f  and 
R  r.     For  if  C  r  be  bisected  in  V,  and  V  »  be  drawn  per- 
pendicular to  it,  cutting  the  straight  lines  PT  and  QR  in  x 
and  y^  then  x  o  is  the  half  sum  of  Pp  and  T  f,  and  yv  is 
the  half  sum  of  Q  9  and  R  r.     Moreover,  if  Q  m  and  T 11 
are  drawn  parallel  to  the  base,  we  see  that  P  m  exceeds  R  r ; 
and,  in  general,  that  if  any  pair  of  equidistant  ordinates  are 
brought  nearer,  to  C,  their  difference  increases,  and  vice 
versa.  Also,  if  two  pairs  of  equidistant  ordinates  be  brought 
nearer  to  C,  each  pair  by  the  same  quantity^  the  difference 
of  the  nearest  pair  will  increase  more  than  the  difference  of 
the  more  remote  p^r.     And  this  will  hold  true,  although 
the  first  of  the  remote  pair  should  stand  between  the  two 
ordinates  of  the  first  pair.     If  the  reader  will  take  the  trou- 
ble of  considering  these  simple  consequences  with  a  little 
attention,  he  will  have  a  notion  of  all  the  effects  that  are  to 
be  expected  in  the  mutual  actions  of  the  two  bodies,  suffi- 
ciently precise  for  our  present  purpose.     We  shall  give  a 
much  more  accurate  account  of  these  mathematical  trutha 
in  treating  the  subject  of  Magnetism,  where  precision  is 
absolutely  necessary,  and  where  it  will  be  attended  with 
the  greatest  success  in  the  explanation  of  phenomena. 

46.  Now  let  us  apply  this  to  our  present  purpose.    Firsts 
then,  When  the  overcharged  end  of  A  is  turned  (oward  the 
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undercharged  enA  of  B,  A  must  be  attracted ;  forPp -j-Tl 
u  greater  than  Q  5  +  R  r. 

47.  Secondly.  TiiJs  attraction  must  increase  by  bringing 
the  bodiijs  nearer ;  for  this  will  increase  the  difference  be-, 
tween  P  m  and  Rn.  I 

48.  Thirdly.  The  attraction  will  increase  by  increasing 
the  length  either  of  A  or  of  B  (the  distance  N  «  remaining 
the  same);  for  by  increasing  the  length  of  A,  which  is  re- 
presented by  pr  or  qt,  Rr  is  more  diminished  than  T(  is. 
In  like  manner,  by  increasing  B,  whose  lengtli  is  represent- 
ed by  j»  y  or  r  t,  we  diminish  Q  q  more  tlian  T  (, 

49.  On  the  other  hand,  if  the  overcharged  end  of  B 
front  the  overcharged  end  of  A,  their  mutual  action  will  be 
F'/'(-Fp  +  Q?  +  Rr  — TQ 


TP/ 


,  and  A  will  be  repelled. 


Slid  the  repulsion  will  increase  or  diminish,  by  change  of 
distance  or  magnitude,  precisely  in  tlie  same  manner  that 
the  attractions  did.  It  is  hardly  necessary  to  observe,  that 
all  these  consequences  will  result  equ.illy  from  bringing  an 
apparatus  similar  to  that  represented  in  fig.  3.  near  to  ano- 
ther of  the  same  kind ;  and  that  they  will  be  various  ac- 
cording to  the  position  and  the  redundancy  or  deficiency  of 
the  two  parts  of  each  apparatus. 

60.  If  the  body  B  of  fig.  5,  is  not  at  liberty  to  approach 
toward  A,  nor  to  recede  from  it,  and  can  only  turn  round  its 
centre  B,  it  will  arrange  itself  in  a  certmn  determinate  po- 
aiUon  witli  respect  to  that  of  A.  For  example,  if  the  cen- 
tre B  (fig.  7.)  be  placed  in  the  line  passing  through  S  and  N 
of  the  body  A,  B  will  arrange  itself  in  the  same  straight 
line:  for  if  we  forcibly  ^ve  it  another  position,  such  as 
a  B  n,  N  will  attract  s  and  repel  n,  and  these  actions  will  con- 
cur in  putting  B  into  the  position  «'  B  n'.  S,  however,  will 
repel  s  and  attract  n ;  and  these  forces  tend  to  give  the  con- 
trary position.  But  S  being  more  remote  than  N,  the 
former  forces  will  prevail,  and  B  will  take  the  position 
.  Bn. 
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If  the  centre  B  be  placed  somewhere  on  the  line  AD, 
drawn  through  a  certain  point  of  the  body  NAS,  (which  will 
be  determined  afterwards),  at  right  angles  to  N  AS,  the  body 
B  will  assume  the  portion  n*  B  s\  parallel  to  NAS,  but 
«ubcontrary.  For  if  we  forcibly  give  it  any  other  position 
n  B  9,  it  is  plain  that  N  repels  n  and  attracts  «,  while  S  at- 
tracts n  and  repels  «.  These  four  forces  evidently  combine 
to  turn  the  body  round  its  centre,  and  cannot  balance  each 
other  till  B  assume  the  position  n'  B  «',  where  W  is  next  to 
S^  and  a'  is  next  to  N. 

If  the  centre  of  B  have  any  other  situation,  such  as  B', 
the  body  will  arrange  itself  in  some  such  position  as  n!  B'  9'. 
It  may  be  demonstrated,  that  if  B  be  infinitely  small,  so  that 
the  acdon  of  the  end  of  A  on  each  of  its  extremities  may  be 
considered  as  equal,  B  will  arrange  itself  in  the  tapgent  BT 
of  a  curve  NB'S,  such  that  if  we  draw  NB',  SB',  and  from 
any  point  T  of  the  tangent  draw  TE  parallel  to  B'N,  and 
TF  parallel  to  B'S,  we  shall  have  BE  to  B'F,  as  the  force  of 
S  to  the  force  of  N.  This  arrangement  of  B'  will  be  still 
more  remarkable  and  distinct  if  N  be  an  overcharged  8phere« 
and  S  an  undercharged  one,  and  both  be  insulated.  We 
must  leave  it  to  the  reader^s  reflection  to  see  the  changes 
which  will  arise  from  the  inequality  of  the  redundancy  and 
deficiency  in  A  or  B,  or  both,  and  proceed  to  consider 
the  consequences  of  the  mobility  of  the  electric  fluid.  These 
will  remove  all  the  difficulty  and  paradox  that  appears  in 
fiome  of  the  foregoing  propositions. 

£1.  Let  the  body  A  (fig.  4.)  contain  redundant  fluid,  and 
let  B  be  in  its  natural  state,  but  let  the  fluid  in  A  be  fixed, 
and  that  in  B  perfectly  moveable ;  it  is  evident  that  the  re- 
dundant fluid  in  A  will  repel  the  moveable  fluid  in  B,  to- 
ward its  remote  extremity  N,  and  leave  it  undercharged  in 
S.  The  fluid  will  be  rarefied  in  S,  and  constipated  in  N.  We 
need  only  consider  the  mutual  actions  of  the  redundant  fluid 
and  redundant  matter.  It  is  plain  that  things  are  90W  in 
^be  situation  described  m  $  16;   A  must  be  attracted  hy 
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11,  because/'  =  m',  and  :  is  greater  than  i'.   The  attrac 
for™  is  F'/'  X  ('  —  ')■ 

Thus  we  sec  that  the  hypothesis  is  accumniodated  to  % 
phenomena  in  t)ii;  case  in  which  it  appeared  to  difler  | 
widely  froni  it.  ITad  the  fluid  been  iainioveable,  the  mo- 
tUid  actiuns  would  have  so  balanced  each  other  tliat  no  ex- 
ternal clfecls  would  have  appeared.  But  now  the  greater 
vicinity  of  the  redundant  matter  prevails,  A  is  attracted  by 
B<  and,  the  actions  being  all  mutual,  B  is  attracted  by  A, 
Olid  approaches  it. 

52.  Wc  have  supposed  that  the  fluid  in  A  is  immove- 
able ;  but  this  was  for  the  sake  of  greater  simplicity.  Sup 
pOK  it  moveable.  Then,  as  soon  as  the  uniform  distribu- 
tion of  the  fluid  in  B  is  changed,  and  B  becomes  under- 
charged at  s,  and  overcharged  at  n,  there  are  forces  acting 
on  the  fluid  in  A,  and  tending  to  change  its  state  of  distri- 
bution. The  redundant  matter  in  S  attracts  the  redundant 
fluid  in  A  more  than  the  more  remoie  redundant  fluid  in  n 
repels  it,  because  z'  is  less  than  z.  This  tends  to  constipate 
the  redundant  fluid  of  A  in  the  nearer  parts,  and  render  N 
more  redundant,  and  Sless  redundant  in  fluid  than  before. 
It  is  plain,  that  this  must  increase  their  mutual  action,  with- 
out chan^ng  its  nature.  It  can  he  strictly  demonstrated, 
that  however  small  the  rcduudancy  in  A  may  be,  it  can 
never  be  rendered  deflcient  in  its  remote  extremity  by 
the  action  of  the  unequally  disposed  fluid  in  B,  if  the  fluJd 
in  B  be  no  more  nor  less  thaa  its  natural  quantity.  It  is 
also  plain,  that  this  change  in  the  disposition  of  the  fluid  in 
A  must  increase  the  similar  change  in  B.  It  will  be  still 
more  rarefled  in  s,  and  condensed  in  k  i  and  this  will  go  on 
in  both  till  all  is  in  equihbrio.  When  things  are  in  this  stale, 
a  particle  of  fluid  in  B  is  in  equilibrio  by  the  combined  ac- 
tion of  several  forces.  The  particle  B  is  propelled  toward  n 
by  the  action  of  the  redundant  fluid  in  A.  But  it  is  urged 
toward  S  by  the  repulsion  of  the  redundant  fluid  on  the  side 
of  n,  and  also  by  the  attraction  of  the  redundant  nutttei 
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the  ^de  of  $ ;  and  the  repulsicm  of  the  redundant  fluid  in  A 
must  be  conceived  as  balancing  the  united  action  of  those 
two  forces  residing  in  B. 

53.  Haice  we  may  conclude,  that  the  density  of  the  fluid 
in  B  will  increase  gradually  from  «  to  n.  It  will  be  ex- 
tremely difficult  to  obtain  any  more  precise  idea  of  its  den- 
sity in  the  different  parts  of  B,  even  although  ve  knew  the 
law  of  action  between  single  particles. 

This  must  depend  very  much  on  the  form  and  dimen- 
sions of  B ;  for  any  individual  particle  sustains  the  sensible 
liction  of  all  the  redundant  fluid  and  redundant  matter  in 
it,  since  we  suppose  it  a^ected  by  the  more  remote  fluid  in 
A.    All  that  we  can  say  of  it  in  general  is,  that  the  density 
in  the  vicinity  of  «  is  less  than  the  natural  density  ;  but  in 
the  vicinity  of  n  it  is  greater ;  and  therefore  there  must  be 
some  point  between  9  and  n  where  the  fluid  will  have  its  na- 
tural denidty.     This  point  may  be  called  a  keutbal  point. 
We  do  not  mean  by  this  that  a  particle  of  superficial  fluid 
will  neither  be  attracted  nor  repelled  in  this  place.     This 
will  not  always  be  the  case  (although  it  will  never  be  grtatfy 
otherwise) ;  nor  will  the  variation  of  the  density  in  the  di& 
ferent  parts  of  B  be  proportional  to  the  force  of  A  on  those 
parts.   Some  eminent  naturalists  have  been  of  this  opnion ; 
and,  having  made  experiments  in  which  it  appeared  to  be 
otherwise,  they  have  rejected  the  whole  theory.     But  a  lit- 
tle reflection  will  convince  the  mathematician,  that  the  sum 
of  the  internal  forces  which  tend  to  urge  a  particle  of  fluid 
from  its  place,  and  which  are  balanced  by  the  action  of  A, 
are  not  proportional  to  the  variations  of  density,  although 
they  increase  and  decrease  together.  We  shall  take  the  pro- 
per opportunity  of  explaining  those  experiments ;  and  will 
also  consider  some  simple,  but  important  cases,  where  we 
think  the  law  of  distribution  of  the  fluid  ascertained  with 
tcderable  precision 

If  we  suppose,  on  the  other  hand,  that  A  is  undercharged, 
|:be  redundaiit  matter  in  A  will  attract  the  moveable  fluid  in 
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B,  and  will  abstract  it  from  tlie  remote  extremity,  «nJ 
crowd  it  into  the  adjacent  extremity.  Moreover,  the  fluid 
now  becoming  redundant  in  the  nearer  extremity  of  B,  will 
act  more  strongly  on  tlie  moveable  fluid  in  A  than  the  rooie 
remote  reilondant  matter  of  B  ;  and  thus  tluid  will  be  pro- 
pelled toward  the  remote  side  of  A,  which  will  Income  now 
□ndcrctiarged  in  its  nearer  side,  and  less  undercharged  in 
its  remote  side  than  if  B  were  taken  sway.  This  must  iiv 
crease  the  incquahility  of  distribution  of  the  fluid  in  B,  and 
both  will  \je  put  farther  from  their  natural  state ;  but  A  will 
never  become  overcharged  in  its  remote  extremity. 

Things  being  in  this  state,  it  is  plain  that  A  and  B  will 
mutually  attract  each  other  in  the  same  manner,  and  with 
the  same  force,  as  when  A  was  as  much  overcharged  as  it  ts 
now  undercharged. 

54.  Thus,  then,  we  see  how  the  attraction  obtains,  whe- 
ther A  \k  over  or  undercharged.  A  fact  which  Dr.  Frank- 
lin could  never  explain  to  his  own  satisfaction ;  nor  will  it 
ever  be  explained  consistently  with  the  acknowledged  prin- 
c^leB  and  observed  laws  of  mechanics  by  any  pereon  who 
employs  electric  atmospheres  for  this  purpose.  It  is  indeed 
ft  Bufiicient  objection  to  the  employment  of  such  electric  or 
other  atmospheres,  that  the  same  extent  of  attraction  and 
repulsion  between  the  particles  of  the  atmosphere  is  necea- 
sary,  as  is  employed  here  between  the  particles  of  the  fluid 
residing  in  tlie  body  ;  and  therefore  they  cease  to  ^ve  any 
explanation,  even  although  their  supposed  actions  were  le- 
-  gitimatcly  deduced  from  their  constitution.  This  is  by  no 
means  the  case.  Let  any  person  examine  seriously  the  modus 
operandi  of  the  electric  atmospheres  employed  by  Lord  Ma- 
hon  (the  only  person  who  has  written  mathematically  on  the 
subject),  and  he  will  see,  that  the  whole  is  nothing  but  figu- 
rative language,  without  any  distinct  perception  of  what  is 
meant  by  these  atmospheres,  as  distinct  from  the  fluid 
moveable  in  the  conducting  bodies,  or  any  perception  how 
the  unequal  density  of  these  atmospheres  protrudes  the  fluid 
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idong  the  conductor.  Besides^  it  is  weD  known  that  a  con- 
ducting wire  becomes  positive  at  one  end,  and  negative  at 
the  other,  by  the  mere  vicinity  of  an  overcharged  and  un- 
dercharged body,  and  this  in  an  instant,  although  it  be 
surrounded  with  seaUng-wax,  or  other  non-conductors,  to 
any  thickness  :  in  this  case  there  can  be  no  atmospheres  to 
operate  on  the  included  fluid.  To  this  we  may  add  Dr. 
Franklin^s  judicious  experiment  of  whirling  an  electrified 
ball  many  times  round  his  head,  with  great  rapidity,  by 
means  of  a  silk  Une,  without  any  sensible  diminution  of  its 
electricity.  It  is  not  conceivable  that  an  electric  atmosphere 
could  remain  attached  to  the  ball ;  nor  could  it  be  instanta- 
neously  formed  round  the  ball,  in  every  point  of  its  motion, 
so  as  to  be  operative  the  moment  he  stopped  it  and  tried  it ; 
for  this  would  have  exhausted  or  greatly  diminished  the 
electricity  of  the  ball ;  whereas  that  sagacious  philosopher 
affirms  (and  any  person  will  find  it  true),  that  when  the  air 
is  dry,  he  did  not  observe  the  electricity  more  diminished 
than  that  of  another  ball  which  remained  all  the  while  in  the 
same  place. 

55.  Let  the  overcharged  body  A  (fig.  6.)  be  brought  near 
the  ends  of  two  oblong  conductors  B  and  C  in  their  natural 
state,  and  lying  parallel  to  each  other ;  the  fluid  will  be  pro- 
pelled toward  their  remote  ends  N,  n,  where  it  will  be  con* 
densed,  while  it  will  be  rarefied  in  the  ends  S  and  «,  adja- 
cent to  A.  Both  will  be  attracted  by  A,  and  will  attract  it 
But  the  redundant  fluid  in  NB  will  repel  the  redundant 
fluid  in  n  C ;  and  the  redundant  matter  in  SB  will  repel  the 
redundant  matter  in  a  C.  For  this  reason  the  bodies  B  and 
C  will  repel  each  other,  and  will  separate ;  but  SB  attracts 
n  C,  and  NB  attracts  a  C ;  and  on  this  account  the  bodies 
should  approach :  but  the  distances  of  the  attracting  parts 
being  greater  than  those  of  the  repelling  parts,  the  repul- 
uons  must  prevail,  and  the  bodies  must  really  separate. 

It  is  equally  clear  that  the  very  same  aensibk  appearance 
will  result  from  bringing  an  undercharged  body  near  the 
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ends  of  B  aa3  C,  ahiunigfa  tbc  intcrosl  iiiotioos  are  juat  die 
opposite  to  the  former. 

If  another  body  D,  electrified  in  the  same  way  with  A, 
be  brought  near  the  opposite  mds  of  B  and  C,  it  « ill  pre- 
rent  or  diminish  the  internal  motions,  and  it  sboald  there* 
bre  prevent  or  dimiiiisfa  the  externa]  efi«ct&. 

If  another  cotufucting  body  E  be  brought  near  to  the  Ad 
tofO  that  fronts  A,  it  will  be  affected  as  C  is,  and  the  end/ 
will  repel  t ;  but  if  it  be  brought  near  the  remote  end,  as  is 
the  case  with  the  body  7,  it  will  attract  this  remote  end.  As 
the  body  A,  cootaimng  more  or  less  than  its  natural  store 
of  electric  fluid,  affects  every  other  body,  while  they  do  not 
(when  out  of  its  neigbbonrbood)  affect  eadi  other,  it  TS 
Usually  said  to  be  the  electrified  body,  and  tbe  others  are 
Bald  to  be  electrified  by  it ;  and  ^oce  these  bodies,  when 
perfect  conductors,  cannot  retain  their  power  of  exhilHting 
electrical  appearances  (see  §  17),  it  will  be  convenient  to 
distinguish  tJm  last  el^trical  state  by  a  pirticular  natne. 
Wl'  shall  call  il  KLEcraiciTY  kt  rosmoN,  or  isdcced 
ELECTBiciTr.  It  is  induced  by  position  with  regard  to  the 
pennancnily  electrical  body, 

56.  'W'e  have  supposed,  in  these  last  propoations,  that 
the  fluid  was  perfectly  moreabte  in  B,  and,  at  last  also,  in 
A :  but  let  us  examine  the  con^uences  of  some  obstruc- 
tion to  this  motion.  Without  entering  into  a  minute  en- 
quiry ou  ihi^  head,  we  may  slate  the  obstruction  as  uniform, 
tnd  such  that  a  certain  small  force  is  necessary  for  causing 
a  particle  of  fluid  to  get  through  between  two  panides  of 
the  common  matter,  just  as  wc  conceive  to  happen  in  tena- 
dous  bodies  of  uniform  lexlnre  (see  §  18.) 

It  U  evident  that  when  an  overcharged  body  A  (flg.  5.) 
bbmi^ht  near  such  an  imperfect  conductor  B,  the  fluid 
cannot  \k  so  copiously  propelled  to  the  remote  estreraJty  n. 
We  may  conceive  the  state  of  distribution  by  taking  a  eoEi- 
stant  quantity  from  the  intensities  of  the  force  of  A  at  ever^r 
point  uTB.     This  circumstance  a!oDe  thews  us,  that  there 


ELECTKICITY. 

irill  not  be  fo  unequable  a  distribution  of  the  fluid,  and 
therefore  tfitre  loill  nut  be  *urA  a  strong  altraclion  betwem  im- 
ptrfKt  as  betwreit  perfrct  condudora.  But  besides  this,  we  see 
that  an  incomparably  longer  time  must  elap^;  before  things 
come  to  a  state  of  equiUbrium.  Each  particle  of  fluid  em- 
ploys time  to  overcome  the  obstacle  to  its  motion,  and  it  caB- 
cot  advance  till  after  the  succeeding  ones,  each  escaping  in 
its  turn,  have  again  come  up  with  the  foremost.  An  inv 
portant  consequence  results  from  this.  The  neutral  point, 
where  the  fluid  is  of  the  natural  density,  will  uot  be  so  fat 
from  the  other  body  as  it  would  have  been  without  thesfc 
obstructions;  and  this  point  will  be  a  considerable  while  rf 
advancing  along  the  imperfect  conductor.  At  the  first  ap- 
proach of  the  overcharged  electric,  the  near  extremity  of 
the  imperfect  conductor  becomes  a  iitde  undercharged,  and 
the  neutral  point  advances  from  the  very  extremity  a  small 
way,  the  diaplaced  fluid  being  crowded  a  little  before  it,  and 
giving  way  by  degrees  as  its  foremost  particles  get  past  the 
obstructions.  The  motion  forward  takes  place  over  a  con- 
siderable extent  al  the  very  first ;  namely,  in  that  part  of 
the  conductor  where  the  propelling  power  of  the  neighbour- 
ing electric  is  just  able  to  push  a  particle  over  the  obstruc- 
tion. As  the  propulsion  goes  on,  the  neutral  point  must 
gradually  atlvance,  and  al  lost  reach  a  certain  distance,  de- 
termined by  the  degree  of  the  obstruction.  It  is  plain,  that 
the  final  accumulation  at  the  remote  end  of  the  imperfect 
■conductor  will  be  less  than  in  a  perfect  conductor,  and  the 
neutral  point  will  be  nearer  to  the  other  end. 

57.  There  is  another  remarkable  consequence  of  the  ob- 
struction. It  must  always  happen  that,  at  the  beginning  of 
the  action,  the  greatest  constipation  will  not  be  towards  the 
remote  extremity,  but  in  a  place  much  nearer  to  the  disturb- 
ing cause.  Beyond  this,  the  constipation  will  diminish.  Aa 
time  elapses  during  this  operation,  this  constipated  fluid  acts 
on  the  fluid  beyond  it  by  repulsion,  and  may  do  this  with 
sufficient  force  to  displace  some  of  it,  and  render  a  part  of 
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die  imperfect  cowiortor  defident,  with  a  snail  ttmstaptiDam 
htfood  it.  This  maj,  in  like  manner,  produce  a  rarefacticMi 
fiHthcr  OD,  foUoved  br  anodier  condensation ;  and  tins  may 
be  ftequentlj  repeated  when  the  uktroction  is  tctt  gveat, 
and  the  repolaao  d[  the  orercliarged  body  ¥enr  great  also. 
This  cm  be  strictlj  demonstrated  in  some  very  ample 
cnes  bat  ^  demonstiatioD  is  Terr  tedious :  As  the  result, 
Jioverer,  is  of  the  fint  importance  in  the  theory  of  electridty, 
and  serves  to  explain  some  of  the  most  abstruse  pbeoomeDa, 
ve  visb  the  reader  to  hare  some  strongier  ground  of  oonfi*- 
deooe  than  the  abore  bare  assertion.  He  mav  ofaserre  simi- 
lar  effects  of  causes  precisely  similar.  If  we  dip  the  end  of 
a  flat  ruler  into  water,  and  if,  after  allowing  the  water  to 
become  perfectly  still,  we  moire  the  ruler  gently  along  in  a 
dvection  perpendicular  to  the  face,  we  shall  ohserre  a  single 
ware  heap  up  before  the  ruler,  and  keep  before  it,  all  the 
test  of  the  water  before  it  remaimng  still :  but  if  we  do  the 
aune  thing  in  a  \essel  of  clammy  fluid,  especially  if  the 
clammy  part  is  swimming  on  the  surface  of  a  more  perfect 
fluid,  like  a  cream,  we  shall  observe  a  series  of  such  waves 
to  curl  up  before  the  ruler,  and  form  before  it  in  succession  ; 
and  if  we  hare  previously  spotted  the  surfiice  of  the  cream, 
we  shall  see  that  it  is  not  the  same  individual  waves  that  are 
pushed  before  the  ruler,  but  that  they  are  successively  form- 
ed out  of  different  parts  of  the  surface,  and  that  the  particles 
which,  at  one  time,  form  the  summit  of  a  wave,  are,  imme- 
diately after,  at  the  bottom,  &c.  In  like  manner,  when  a 
cannon  is  fired  in  clear  air,  at  no  great  distance,  we  hear  a 
single  snap;  but,  in  a  thick  fog,  we  hear  the  snap  both  pre- 
ceded and  foUowed  by  a  quivering  noise,  resembling  the 
rushing  of  a  fluttering  wind,  which  lasts  perhaps  half  a  se- 
oood.  A  slight  reflection  on  these  facts  will  shew  that  they 
are  necessary  results  of  the  mechanical  laws  of  such  ob> 
stroction. 

The  consequence  of  this  mode  of  action  must  be,  that  an 
imperfect  conductor  may  have  more  than  one  neutral  pointy 
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«nd  more  than  one  overcharged  and  undercharged  portion, 
«o  that  its  action  on  distant  bodies  may  be  extremely  vari- 
ous. The  formula  of  §  28.  was  accommodated  to  this  case, 
and  will  be  found  to  have  very  curious  results.  Another 
body  may  be  placed  in  the  direction  of  the  axis,  and  will  be 
attracted  at  one  distance,  repelled  when  this  distance  is  in- 
creased, and  again  attracted  when  at  a  still  greater  distance, 
€cc.  &c. 

Suppose  the  obstruction  not  to1)e  considerable*:  The  im- 
mediate operation  of  the  noghbouring  overcharged  body 
will  be  the  production  of  an  undercharged  part  in  the  ad- 
joining extremity,  an  overcharged  part  beyond  this,  an  un-. 
dercharged  portion  farther  on,  &c.  In  a  little  while  these 
will  shifl  along  the  conductor ;  one  after  another  will  dis- 
appear at  the  farther  end,  and  the  body  will  have  at  last 
but  one  neutral  point  A  greater  obstruction  will  leave  the 
body,  finally,  with  more  than  one  neutral  point,  and  their 
ultimate  number  will  be  greater  in  proportion  as  the  ob- 
Btiruction  to  the  fluid^s  motion  is  supposed  greater. 

58.  Now,  let  the  overcharged  body,  the  cause  of  this  un- 
equal distribution,  be  removed.  We  hfive  seen  §  17.  that 
when  .a  body  contains  its  natural  quantity  of  fluid,  but  uiv- 
equally  distributed,  there  is  a  force  acting  on  every  particle^ 
and  tending  to  restore  the  original  equable  distribution; 
and  that  such  a  force  remains  as  long  as  there  is  any  inequa- 
lity in  this  respect.  If,  therefore,  there  be  no  obstruction, 
the  uniform  distribution  will  take  place  immediately ;  for 
it  is  well  known,  that  the  speed  with  which  electricity  is 
propagated  is  immense.  The  elasticity,  or  the  attractive  and 
repulsive  forces,  must  be  very  great  indeed  when  compared 
with  any  that  we  know,  except,  perhaps,  the  force  which 
impels  the  particles  of  light.  The  electricity,  therefore,  of 
a  perfect  conductor,  that  is,  its  power  of  acting  on  other 
bodies  in  the  same  way  that  an  original  electric  acts  on  them, 
fnust  be  quite  momentary,  and  cease  as  soon  as  the  inducing 
xause  is  removed.    The  conductor  is  electrical  merely  in 
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conEequcnce  of  its  position.  Hence  the  propriety  of  our  d»- 
DominatioDs.  Nothing  material  is  supposed  in  this  theory 
to  be  communicated  from  the  overcharged  body :  Nay,  this 
tlieory  teaches,  that  the  sensible  electricity  of  the  over- 
charged body  is  augmented  in  some  respects ;  for  it  becomes 
more  overcharged  in  the  part  nearest  to  the  conductor.  In- 
deed it  becomes  less  overcharged  on  the  other  end,  and  will 
act  less  forcibly  on  that  side  than  if  the  conductor  were 
away.  It  may  be  remarked  here  (it  should  have  been  men- 
tioned  in  §  55.),  that  when  F  is  presented  in  the  manner 
shewn  in  fig.  6.  the  body  B  becomes  more  strongly  over- 
charged at  the  end  remote  from  A,  and  more  strongly  un- 
dercharged at  the  end  next  to  A,  than  when  F  is  away. 
The  contrary  jjiqy  happen,  by  presenting  a  body  in  the  man- 
ner of  E.  We  wish  these  particulars  to  be  kept  in  mind-  Id 
the  mean  time,  all  these  circumstances  are  necessary  conse- 
quences of  the  supposition,  that  nothing  is  communicated 
fi^m  A  to  B  or  C.  The  electricity  induced  on  perfect  con- 
ductors is  momentary,  requiring  the  continual  presence  of  a 
body  that  is  electrified  in  some  way  or  other. 

But  the  case  is  quite  otherwise  in  imperfect  conductors. 
When  the  overcharged,  or  otherwise  electrical  body  A  is 
removed,  the  forces  which  tend  to  restore  the  uniform  dis- 
tribution of  the  fluid  immediately  operate,  and  must  restore 
it  in  pan.  They  cannot,  however,  do  it  completely:  For 
when  the  force  which  urges  any  particle  from  an  overcharged 
to  an  undercharged  part  is  just  in  cquilibrio  with  the  ob- 
elnictiun,  it  will  rem^n,  just  as  a  number  of  grains  of  small 
shot  may  lie,  uniformly  mixed  with  a  mass  of  clammy  Ruid, 
or,  as  such  fltiids  retain  heavy  mud,  in  a  state  of  equable  or 
inequable  diffusion.  If  the  resistance  arise  merely  from  the 
inertia  of  the  tangible  matter,  there  is  no  force  so  small  but 
it  will  in  lime  restore  the  uniform  distribution.  But  this  can- 
not be  the  case  in  solid  bodies.  Their  particles  exert  lateral 
forces,  by  which  they  mmntain  themselves  in  particular  si- 
tuations; these  must  be  overcome  by  mpfrior  forces. 
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We  should  th^r^ore  expect,  tliat  imperfect  cgnductpri; 
urilL  retain  part  of  their  inequable  constitution  i  and,  in  con* 
tequmct  of  thisy  their  power  of  affecting  other  bodies  like 
electrics ;  that  is,  their  £l£ctrici.tt.  For  we  must  observe 
(having  n^lected  to  do  it  in  the  beginning),  thft(  the  ternij 
dectricUy  is  as  pfjten  used  to  express  this  pow/er  of  produciQgi 
electrical  phenomena  as  it  is  used  for  expressing  a  substance, 
sppppsed  to  be  the  original  cause  of  all  these  appearances* 
It  is  necessary  to.  keep  this  distinction  in  mind ;  because 
there  are  many  phenomena  which  clearly  indicate  th^  trans- 
ference of  this  caus^  i^d  they  must  not  be  confpunded  with 
Qthers,  wjbere  the  exjbibition  of  electiic  phenomena  is  evi- 
djenUy  propagated  to  a  distance.  We  ipust  not  always  sup^ 
pp^  that  when  the  electric  appeari^ces  aije  exhibited  in  an 
instant  at  the  far  en^  of  a  wire  ^  miles  long,  the  same  nM^ 
mpric^l.  particles  of  the  electric  fluid  have  moyed  oyer  this 
^ypafe.  We  must  distinguish  those  cases  where  this  must  be 
giyii)tjt?d.  fronf  those  in  which  it  certainly  fa^s  npt  happened*, 
,Q^  these  there  are  innumerable  instan^^es. 

5Q.  We  have  now  to  observe,  that  by  this  theory  the  sia- 
gle  'circumstance  of  perfect  an4  in^perfisct  conducting  ppwer 
ia  sufficient  tat  establishing  the  whole  difference  between 
idic>relectrics  and  non^electrics.  The  idio-electrics  are  su^ 
.ceptible  of  excitation  in  varioua  ways,  and  retain  their  elec^ 
tricity ;  and  this  may  be  done  in  any  part  of  them  without 
affecting  the  rest  in  any  remarkable  degree.  This  cannot 
be  done  in  perfect  conductors,  plainly  because  tkejf  are  per* 
Ject  conductors.  Any  inequality  of  distribution  of  the  electn^ 
fluiijl,  which  is  all  that  is  necessary  for  rendering  them  elec* 
trie,  is  immediately  destroyed  by  its  uniform,  diffusion.  We 
can  have  no  direct  proof  of  their  incapability,  of  excitation ; 
bujt  if  they  can  be  excited,  they  cannot  shew,  it  We  doubt, 
howevei^  their  excitability ;  because  the  appearances  in  the 
exciXa^t^n  of  electric^  seem  to  indipajte*  that  opposite  states 
fx£  two  bodies  are  necessary  previous  to  the  appeigrance  of 
.dectridty.    This  is  impossible  in  p^e^t  conductors.    By 
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this  theory,  therefore,  perfect  conductors  are  necessarily 
non- electrics ;  and  non-conducturs  are  necessarily  (if  excita* 
ble)  idio-electrics. 

With  respect  to  the  particular  phenomena  which  may  be 
expected  on  the  removal  of  the  original  electric;  it  may  just 
be  remarked,  that  the  electric  appearances  of  the  imperfect 
conductor  will  go  off  in  the  contrary  order  to  that  of  their 
indication.     The  accumulation  and  deficiency  will  diminish 
gradually,  and  the  neutral  point  or  points  will  gradually  ap- 
proach the  end  which  had  fronted  the  original  electric.  The 
imperfect  conductor  will  be  finally  left  with  one  or  more 
neutral  points,  according  to  the  magnitude  of  the  obstruc- 
tions, and  the  force  which  had  heen  employed  in  its  electri- 
fication :  And  their  final  state  will  be  so  much  the  more  in- 
equable, and  consequently  they  will    retain  so  much  the 
greater  electric  powers,  as  they  are  less  perfect  conductors. 
60.  The  last  observation  which  we  shall  make  on  thi* 
head  at  present  is,  that  whether  electrified  by  induction,  or 
by  friction,  or  roost  other  modes  of  excitation,  the  electrifi- 
cation will  be  nearly  superficial  in  bodies  which  conduct  very 
imperfectly ;  and  bodies  which  are  altogether  impervious  {if 
there  be  any  such)  must  have  the  accumulation  or  deficiency 
altogether  at  their  surface.    If  a  glass  globe  be  such  a  body, 
it  will  hardly  be  possible  to  electrify  it  to  any  depth ;  and 
all  that  we  can  expect  is  alternate  strata  of  overcharged  and 
undercharged  glass.     If  these  strata  are  once  formed,  tlicy 
tend  greatly  to  make  the  body  retain  its  superficial  electri- 
city.  A  superficial  stratum  of  redundant  fluid,  tending,  by 
the  mutual  repulsion  of  its  particles,  to  escape,  is  retained 
by  the  stratum  of  redundant  matter  immediately  below  it: 
And  the  almost  insuperable  obstruction  prevents  the  fluid 
of  the  stratum  beyond  this  from  coming  up  to  supply  the 
vacancy.   If  we  can  fall  on  any  contrivance  to  produce  such 
deficient  strata  within  the  glass,  we  shall  make  it  much  more 
retentive,  and  capable  of  holding  fast  a  mud)  greater  quan- 
tity.    We  have  already  mentioned  something  of  this  it) 
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§  14.  and  we  recommend  the  case  to  the  attentive  consider- 
ation of  the  reader. 

61.  Thus  have  we  given  a  sketch  of  the  leading  doctrines* 
of  this  elegant  theory  of  Mr.  iEpinus,  all  legitimately  de* 
duced  from  the  drcumstances  assumed  in  the  hypothesis 
concerning  the  mechanical  properties  of  that  substance  which 
he  calls  the  electric  fluid.  Let  us  now  see  with  iiv-faat  success 
this  hypothesis  may  be  applied  to  account  for  the  pheno- 
mena. It  would  have  been  more  philosophical  to  have  ar- 
ranged the  phenomena,  and  from  the  comparison  to  have 
deduced  the  hypothesis.  But  this  would  have  required 
much  more  room  than  can  be  afforded  in  a  work  like  ours. 

We  presume,  that  many  of  our  readers,  namely,  all  such 
as  are  already  conversant  with  electrical  phenomena  and 
with  electric  experiments,  have  seen,  as  we  went  along,  tfie 
perfect  agreement  of  the  hypothesis  with  the  various  pheno- 
mena of  attraction  and  repulsion,  and  all  those  which  are 
usually  classed  under  the  name  of  electric  atmospheres :  and 
we  are  confident,  that  when  they  compare  the  consequences 
that  should  necessarily  result  from  such  a  fluid  with  the  le- 
gitimate consequences  of  the  mechanical  action  6f  elastic  at- 
mospheres, they  will  acknowledge  the  great  superiority  of 
this  hypothesis  in  point  of  simplicity,  perspicuity,  and  ana- 
logy with  other  general  operations  of  nature.   To  such  rea- 
ders it  would  not  be  necessary  to  state  any  farther  compari- 
son ;  but  there  are  many  who  have  not  yet  formed  any 
distinct  systematic  view  of  the  appearances  called  electrtcoL 
We  do  not  know  any  way  of  giving  such  a  view  of  them  as 
by  means  of  this  hypothesis ;  and  we  may  venture  to  say, 
that  it  will  enable  the  student  of  Nature  to  class  them  all, 
with  hardly  a  single  exception.  After  which,  the  hypothesis 
may  be  thrown  aside  by  the  fastidious  philosopher ;  and  the 
useful  classification,  and  general  laws  of  the  electric  pheno- 
mena, will  remain  ready  foundations  for  a  more  perfect 
theory.    For  the  sake  of  such  readers,  tlierefore,  we  shall 
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take  a  flhort  review  of  tliusc  general  appearances  wbicli  sm 
accompanied  by  allractions  and  repulsions,  and  cumpaie 
them  willi  thU  yEpinian  tlicory. 

We  fehall  not  at  present  con§ider  the  various  modes  of 
excitalioa,  iiJthougli  tliis  theory  at&o  aSbrds  much  instruc- 
tioa  on  (lie  subject,  but  confine  ourselves  entirely  to  the 
JkctB  which  ore  most  immediately  dependent  on  it,  and 
should  be  employed  to  support  or  overturn  it;  and  we  shall 
suppose  the  reader  ocqfjninted  with  most  parts  of  the  com- 
mon apparatus ;  such  as  electrometers,  insulation.  Sic.  We 
rUo  presume  that  he  knows,  that  when  a  smajl  pith-ball  has 
been  electrified  by  touching  a  piece  of  glass  which  has  been 
cxulcd  by  rubbing  with  dry  flannel,  it  will  repel  another 
body  so  electrified ;  and  that  balls,  which  have  received  their 
electricity  iathis  manner  from  sealing-wax  excited  by  the 
•amc  rubber,  also  repel  each  other;  but  that  bails,  thus 
electrified  by  glass,  attract  those  which  are  electrified  hjf 
sealiag-wax. 

The  following  simple  apparatus  will  serve  foe  all  the 
periments  which  are  necessary  for  establishing  the  thcorj^^ 
62.— 1.  Two  slender  glass  rods  A  (fig.  8.),  having  a  bcas* 
ball  B  at  the  end,  about  a  quarter  of  an  inch  in  diameter, 
suspending  a  very  small  and  delicate  pixh-boll  electrome- 
ter  C. 

S.  Some  electrometers  (fig.  9-),  consisting  of  two  pieQ^* 
of  rush  pith,  about  four  inches  long,  nicely  suspended, 
hanging  paxnllel,  and  ahuost  in  contact  with  each  other.  9' 
ia  proper  to  have  them  as  smooth  as  possible,  and,  neajt^j 
rounded  at  tlic  euda,  to  prevent  unnecessary  dissipation.    :/j 

3.  Stimc  pith-ball  electrometsrs  (fig.  10.),  whose  ihn 
arc  of  silk,  about  four  inclies  long,  and  some  with  fli 
tlircads  moislenud  with  a  solution  of  some  dcltquescpnt  aall^ 
that  they  may  be  always  iu  a  good  conducting  state. 

4^  Swerol  brass  conductors  (fig.  11.),  each  supported  on 
•n  insulating  stalk  and  tboL  They  should  be  about  an  inch 
and  luJf  or  tno  tnchei  Icug*  aitd  alwut  thne>fourihs  of  an 


St 


ELECrKICtTY.  43 

I  ID  diameter,  willi  rouiui  ends,  and  well  polished,  to 
tvcnt  all  dissipation.     The  foot  must  be  so  oarrow  as  to 
r  tbem  to  touch  each  other  at  the  cods. 

5.  Two  balls  (lig.  IS.),  one  ol'  glass,  and  the  other  of 
glass  coated  with  sealiog  wax,  each  furuisbed  niifa  an  insu- 
lating haodle,  tlie  other  end  of  which  may  be  occasiooallj 
(tuck  into  a  fool(  or  Into  the  side  of  a  block  oC  wood,  whick 
can  be  slid  up  or  down  on  a  wooden  pillar,  an<l  fixed  at  aaj 
height.  These  balU  should  be  about  three  inches  m  da^ 
meter.  Tbey  must  be  enciled  by  rubbing  with  dry  wonn 
flumeL 

6.  Some  little  pieces  of  gilt  card  (fig.  13L),  about  tro 
inches  long,  half  an  inch  broad,  and  rounded  at  the  cnds^ 
and  made  as  smooth  as  possible.  Each  must  have  a  dim- 
ple fitruck  in  the  middle  with  a  poli:>hed  blunt  point,  so  that 
it  will  traverse  freely  like  a  oiariner's  needle  when  set  on  a 
^3S  poiut,  rounded  in  the  flume  of  a  lamp.  More  artifi- 
cial needles  may  be  made  of  some  light  wood,  having  small 
cork  balls  at  the  ends,  aU  gilt  and  polished,  and  turning,  ia 
like  manner,  on  glass  stalks :  also  some  similar  needles  made 
of  Beallng  wax,  one  end  of  each  being  black,  and  th«  other 


The  mechanical  phenomena  of  electricity  may  be  express- 
ed in  a  few  simple  propositions.  The  most  general  fact 
that  we  know,  and  from  which  all  the  rest  may  be  deduceit 
is  the  following : 

If  any  body  A  is  electrified,  by  any  means  whatever,  and 
if  uother  body  B  is  brought  into  its  neighbourhood,  the 
last  becomes  electrical  by  position. 

t&  Set  the  brass  conduclora  in  a  row,  touching  each  other, 
•s  represented  in  fig.  11.  by  A,  B,  C ;  and  let  a  pith  Imll 
electrometer,  having  silk  threads,  be  set  near  one  end  of  the 
conductors.  Excite  one  of  the  above  mentioned  globes  by 
nibbing  it  withdry  flannel.  When  this  is  brought  near  the 
'  of  the  conductor,  the  pith-ball  will  approach  tlie  other 
But  the  globe  must  not  be  brought  so  near  as  to  caus? 
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the  pith-ball  to  strike  against  the  other  end.  On  removing 
the  globe,  the  pith-ball  wUl  move  oft'  and  hang  perpeodicu- 
larly.     The  same  effect  is  produci'd  by  both  globes. 

Thus  tbe  mere  vicinity  of  the  electric  renders  the  coti- 
ductor  electric,  and  t)ie  electiicity  ceases  on  removing  the 
globe.  This  is  perfectly  conformable  to  the  theory,  whe- 
ther we  suppose  the  fluid  to  be  made  redundant  or  deficient 
at  the  remote  end  of  the  conductor.  If  one  idinuld  ascribe 
the  approach  of  the  pith-ball  to  the  immediate  action  of  the 
^obe,  it  is  sufficient  to  observe,  that  if  the  ball  be  suf^pend- 
ed  near  tile  side  of  the  conductor,  it  will  approach  the  con- 
ductor, shewing  that  it  is  affected  by  the  conductor,  and  not 
by  the  globe. 

Let  the  globe  be  held  in  the  position  D  (fig.  IS.)  about 
six  inches  from  the  conductor,  and  a  little  above  the  line 
of  its  axis.  Take  the  glass  rod  (fig.  8.),  and  bring  its  knob 
into  contact  with  the  under  side  of  the  remote  end  c  of  the 
conductor.  The  balls  of  the  electrometer  will  separate, 
fihewtng  that  they  are  electrified  in  the  same  manner,  and 
repel  each  other.  Slide  the  brass  knob  along  the  under 
side  of  the  conductors,  quite  to  the  end  a.  The  balls  will 
gradually  collapse  as  the  knob  approaches  a  point  near  the 
middle  of  the  conductors,  where  they  will  hang  parallel. 
Passing  this  point,  they  will  again  separate,  and  most  of  all 
when  the  knob  is  a.  In  this  situation  they  will  deviate  to> 
ward  the  globe,  and  will  be  directed  straight  toward  it,  if  it 
be  held  too  near,  or  in  the  direction  of  the  axis.  This  would 
disturb  the  experiment,  and  must  be  avoided.  These  phe- 
nomena are  conformable  to  the  ac<x)unt  given  of  the  dispo^.- 
tion  of  the  fluid  in  the  conductor.  The  electrometer  may 
be  considered  as  making  a  part  of  the  conductor ;  and  when 
its  threads  hang  parallel,  it  is  in  its  natural  state,  having  its 
fluid  of  its  natural  density.  This,  however,  cannot  be  strict- 
ly true,  according  to  the  theory ;  because  the  balls  of  Uie 
electrometer  must  be  considered  as  more  remote  from  the 
electric,  and  ibeir  electrical  state  must  correspond  to  a  point 
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of  ihe  conductor  more  remole  than  that  where  llie  knob  of 
the  electrometer  touches  it.  This  will  be  more  rcmorkabljr 
ihc  cose  as  the  threads  arc  longer.  Accordingly,  an  e!eo- 
trometer  with  very  long  threads  will  never  collapse.  The 
place  of  the  neutral  point  cannot  be  accurately  ascertained 
in  this  way.  Lord  Mahon  imagined,  that  its  situation  B 
WES  determined  (in  his  experiments  with  a  long  conductor) 
to  be  such,  that  D  c  was  harmonically  divided  in  B  and  a ; 
finds  this  to  be  agreeable  to  the  result  of  xu  electric 
litre  whose  density  is  inversely  proportional  to  the 
.^uare  of  the  distance.  But  we  cannot  deduce  this  from  his 
narration  of  the  experiment.  He  gives  no  reason  for  his 
selection  of  the  point  D,  nor  tells  us  the  form  and  dimeo- 
sions  of  the  electric  employed,  nor  takes  into  account  the 
action  of  the  fiuid  in  the  long  conductor.  It  is  evident  that 
no  computation  can  be  instituted,  even  on  his  lordship's 
principles,  till  all  this  be  done.  We  have  always  found,  that 
tlie  neutral  point  was  farther  from  the  electric,  in  proportioa 
as  the  conductor  was  smaller,  and  when  the  electricity  was 
stronger;  and  that  the  differences  in  this  respect  were  so 
very  considerable,  that  no  dependence  could  be  had  on  this 
experiment  for  determining  the  law  of  action.  It  sliould  be 
so,  both  according  to  Lord  Mahon's  and  Mr  ^pinus's 
theory.     But  to  proceed  with  our  examination  : 

Having  touched  the  end  c  of  the  conductor  with  the  knob 
of  the  electrometer,  bring  it  away.  The  balls  will  continue 
to  repel  each  other,  and  they  are  attracted  by  any  body  that 
is  ID  its  natural  state.  Touch  the  same  end  with  the  knob 
of  the  other  electrometer,  and  bring  it  also  away ;  the  balls 
of  llie  two  electrometers  will  be  found  to  repel  each  other : 
but  if  one  has  touched  the  conductor  at  c,  and  the  otlier  has 
touclied  it  at  a,  the  electrometers  will  strongly  attract  each 
other.  All  this  is  quite  conformable  to  the  theory.  If  the 
fluid  has  been  compressed  at  c,  and  ttierelbre  the  balls  of 
ihal  electrometer  arc  overcharged,  they  must  repel  each 
Ather,  and  repel  any  other  body  electiitjed  in  the  same  way. 
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Tbey  mast  attnct  and  be  attncted  by  aoy  nstanl  body. 
But  the  balls  of  the  cAer  electrometer  having  touched  die 
cooductor  at  a,  must  be  undercharged,  and  the  rwbioilanl 
fluid  of  die  one  must  attract  the  redundant  matter  of  d^ 
oiner. 

If  die  conductor  has  been  electrified  bj  the  fiouiij  of 
excited  gfaiss,  the  electrometer  wfaidi  toodied  it  in  the  re- 
Bsote  end  c,  will  be  repelled  by  a  piece  of  excited  g^ass^  but 
attracted  by  exdted  aealing-wax.  The  dectrooeter  whidi 
touched  the  conductor  in  of  will  be  attracted  by  excited  gfaoSy 
and  repelled  by  exdted  sealing-wax.  The  contrmry  will  be 
obsenred  if  die  conductor  has  had  its  electricity  indoced  on 
it  by  the  vicinity  of  the  globe  coTerod  with  seafing-wax. 
This  is  a  complete  proof  diat  Mr.  Dofa^s  doctrine  oivkirrtmM 
and  irrimms  electricity  is  onfoonded.  Both  kinds  of  elec- 
tricity are  produced  in  a  conducting  body,  witfaoot  any  nm- 
terial  oommonication,  by  mere  juxta^xxotion  to  a  body  pos- 
aessed  of  ether  the  vitreous  or  the  reanous  elettiidty. 

64.  We  have  not  yet  mentioned  any  reasons  which  in- 
dicate which  end  of  the  cooductor  b  electrical  by  the  re- 
dundancy of  electric  fluid,  nor  is  the  reader  prepared  for 
seeng  their  foroeu  It  is  generaUy  be&eved,  that  the  remote 
end  of  a  conductor  which  b  electrified  by  glass,  excited  by 
TubUng  it  with  flannel  or  amalgamated  leiaher,  is  dectrical 
by  redundancy.  No  £flerence  has  been  observed  in  the 
attractions  and  repulsions.  But  there  are  other  marks  of 
£stinction  which  are  constant,  and  undoubtedly  arise  firom. 
a  difleience  in  the  mode  of  action  of  those  mechanical  fbrce& 
I^  while  die  exdted  glass  globe  remains  at  D,  a  glass  mir- 
ror, foiled  as  usual  with  tin-leaf,  be  made  to  touch  the  re- 
mote end  of  the  conductor,  and  sk>w]y  drawn  transversdy, 
so  that  the  conductor  draws  a  line  as  it  were  across  it — thb 
mirror  bring  laid  down  with  the  foiled  side  undermost,  die 
dust,  which  settles  on  it  in  the  course  rf  a  day  or  two,  wall 
be  chiefly  collected  along  thb  line,  somewhat  in  the  form 
of  the  fibres  of  a  feather.   But  if  the  conductor  was  render- 
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«1  elcclrical  by  the  globe  covertd  with  scaVmg-^i'ax,  the  Aist 
ill  be  collected  along  this  line  in  little  spoU  like  a  row  of 
beads.  The  apiwarances  will  be  reversed  if  the  mirror  hns 
rn  passed  across  tlie  end  of  the  conductor  which  is  ficai^ 
It  to  the  t'xcitcii  electric.  In  short,  in  whatever  way  the 
drawing  point  has  been  electrified,  if  it  repel  a  ball  whit^ 
ha«  touched  exciletl  gloss,  the  line  will  be  feathered ;  tut 
if  it  attract  such  a  ball,  the  fine  will  be  spotted.  There 
arc  many  ways  of  making  this  spffearance  much  more  rc^ 
niorkttble  than  this ;  but  we  have  mentioned  it  on  this  oc- 
casion, becnusc  the  circimistances  which  occasion  the  differ- 
ence, whatever  it  is,  are  the  most  simple  possible.  Nothing 
,Ib  comniunicaifd  ;  and  therefore  the  effect  mnst  arise  from 
(he  unnatural  slate  of  a  substance  or  power  residing  in  tlie 
body.  If  it  be  a  substance  mi  gtneris,  the  electric  Action 
must  arise  from  a  different  distribution  of  this  substance ; 
from  a  redundancy  and  deficiency  of  it  in  the  different  por^ 
tions  of  the  conductor.  Without  pretending  as  yet  to  say 
which  is  redundant,  we  shall  suppose,  with  Dr  Franklin, 
that  the  electricity  of  excited  glass  is  so ;  and  we  shall  use 
the  words  redimdant  and  positive  to  distinguish  this  electri- 
city from  the  other.  This  is  merely  that  we  may,  on  many- 
occasions,  considerably  abbreviate  language. 

The  different  electrical  states  of  the  different  portions  of 
(he  conductor  may  be  seen  in  another  way,  which  is  per- 
haps more  simple  and  unexceptionable  than  that  already 
narrated.  While  the  globe  remains  at  T),  take  the  two  ex- 
treme pieces  A  and  C  aside  ;  or,  if  only  tw»  pieces  have 
been  used,  draw  the  remote  piece  farther  away.  Now  re- 
move the  excited  globe.  When  we  examine  A  separately. 
We  shall  find  it  wholly  negative,  or  undercharged,  strongly 
repelling  a  hall  electrified  by  sealing-wax,  and  attracting  a 
ball  electrified  by  glass.  The  other  piece  C  exhibits  posi- 
tive electricity,  attracting  and  replling  what  A  repelled  and 
attracted.  If  only  three  pieces  of  the  conductor  have  been 
employed,  the  middle  piece  U  is  generally  positive ;  but  this 
ill  a  very  faint  degree. 
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If  all  the  pieces  be  again  joined,  they  ere  void  of  electri- 
city. If,  instead  of  such  contlurtors,  a  row  of  mcul  balls, 
suspended  by  silk  lines,  arc  emjiloyed,  one  of  them  may 
generally  be  found  without  any  sensible  electricity,  when 
separated  from  the  rest,  having  been  the  neutral  part  of  the 
row  while  united. 

These  very  simple  facts  sliew,  as  completely  as  can  be 
wished,  that  if  the  electric  phenomena  depend  on  a  fluid 
moveable  in  the  pores  of  the  body,  the  constitution  ^ven  it 
by  Mr  >£pinus  is  adequate  to  the  explanation.  We  may 
now  venture  to  assert,  that  every  other  phenomenon  of  at- 
traction and  repul^on  will  be  found  in  exact  conformity 
with  tlie  legitimate  consequences  of  this  constitution  of  the 
electric  fluid. 

65.  That  nothing  is  communicated  from  the  electric  wiU 
appear  still  more  forcibly  by  the  following  experiment :  Let 
A  conductor  be  rendered  electrical  in  the  way  now  described, 
and  touch  cither  extremity  of  it  with  the  liitle  electrometer^ 
and  observe  attentively  the  divergency  of  its  threads.  Now 
approach  its  more  remote  extremity  with  another  conducting 
body,  such  as  a  single  piece  of  those  conductors,  it  will  be 
rendered  electrical ;  as  may  be  discovered  by  a  deUcate  elec- 
trometer. Observe  carefully  whether  the  electrometer  in 
contact  with  the  first  conductor  be  affected  : — it  will  gene- 
rally be  found  to  spread  its  threads  wider.  It  will  certainly 
be  thus  aflected  if  the  other  conductor  be  very  long  and 
bulky,  or  touched  by  the  hand ;  or  if,  instead  of  this  se- 
cond conductor,  we  approach  the  first  with  the  extended 
palm  of  the  band.  As  the  second  conductor  was  rendered 
electrical,  so,  undoubtedly,  is  the  hand  also :  and  its  electr 
ficatiou  has  not  deprived  the  first  conductor  of  any  of  ^ 
electric  power,  but,  on  the  contrary,  has  increased  it. 
this  augmentation  of  its  power  is  equally  sensible  at  bo&V 
ends :  For  an  electrometer  at  the  other  end  will  also  divei^  ■ 
more  when  the  hand  is  brought  near  the  remote  end.  Tlu 
theory  explains  tliis  in  the  most  satisfactory  manner.     Tty 
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first  conductor  renders  the  second  electric,  by  propelling  its 
fluid  to  a  greater  distance.  The  second  conductor  now  acts 
on  the  fluid  that  is  moveable  in  the  first,  and  causes  a  greater 
accumulation  in  its  end  which  is  farthest  from  the  electric  ; 
that  is,  renders  it  more  electric 

66.  Suppose  that  instead  of  employing  an  excited  globe  of 
glass,  we  had  made  use  of  a  conducting  body,  slightly  over* 
charged.  Thus  if  we  employ  the  conductor  A,  overcharged, 
to  induce  electricity  on  C ;  this  will  produce  the  same  gene- 
ral effect  on  our  set  of  conductors.  But  if  we  have  previous- 
ly examined  the  force  of  the  redundant  body,  by  suspending 
a  pith-ball  near  it,  and  observing  its  deviation  from  the  per- 
pendicular, we  may  sometimes  be  led  to  think,  that  it  has 
imparted  something  to  the  other  body.  For  if  the  other  body 
and  the  pith-ball  be  on  opposite  sides  of  the  redundant  body^ 
the  pith-ball  will  fall  a  litde ;  indicating  a  diminution  of  elec- 
tric force.  But  this  should  happen  according  to  the  theoiy ; 
for  it  was  shewn,  in  §  52.  that  the  constipation  in  the  remote 
end  of  the  overcharged  body  will  be  diminished,  and  along 
with  this,  its  action  on  the  pith-ball.  We  should  find  the 
electricity  of  the  other  end«  next  the  conductor,  increased, 
could  we  discover  an  easy  way  of  examining  it ;  but  an  elec- 
trometer applied  there  will  be  too  much  affected  by  the  con- 
ductor. 

The  same  conclusions  may  be  drawn  from  the  following 
facts :  Hang  up  a  rush-pith  electrometer.  Approach  it  be- 
low with  a  body  slightly  electrified.  The  legs  of  the  elec- 
trometer immediately  diverge,  though  attracted  by  the  elec- 
trified body.  Hold  the  hand  above  the  electrometer,  and 
they  will  diverge  still  more ;  touch  the  top  of  it,  and  they 
spread  yet  farther.  Hold  the  electrified  body  (very  weakly 
electrified)  above  the  electrometer,  so  that  its  legs  may  di- 
verge a  little.  Hold  the  hand  above  the  electrified  body ; 
the  legs  of  the  electrometer  will  come  nearer  each  other. 

These  appearances  are  observed  whether  the  electric  be 
positive  or  negative.  We  need  not  take  up  time  in  explaining 
this  by  the  theory,  its  agreement  is  so  obvious. 

VOL.  IV.  D 
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iMMijf  tan  tbiK  bcod^  if,  in  {)li^e  of  a  fixed  conduetb^,  #e 
une  one  of  tlu$  ticcdles  of  gilt  card,  «et  on  its  pivbt,  and  if 
ifrt  then  approach  it  with  another  conducting  bodj,  iti  the 
manner  reprcicnted  by  E  and  C  of  fig.  0.  we  hhall  observe 
tliat  end  of  the  needle  to  avoid  the  other  body ;  but  if  we 
bring  them  together,  in  the  manh^r  represented  by  F  and 
fi,  tliey  will  attrabt  each  other.  The  attractioii  will  be  greater 
when  the  body  IP  is  long ;  and  most  of  all  when  it  communi- 
eaUss  with  the  ground.    Thesb  phen6mcna  are  therefioire  in 
perfect  oonformity  with  the  theory ;  but  it  may  sbmetiiikiit 
happen  that  E  will  attract  the  end  of  C  that  is  nearest  to  A, 
and  E  will  bo  electrified  positively  if  A  be  positive.    TUi 
Mems  inoonsilitent  ^ith  the  theory :  and,  accordui^,  it  Mk 
been  adduced  by  Volta  against  L«rd  MahtnTs  acooattt  of  tW 
electrical  state  of  a  conductor  in  a  situation  aioiilar  Id  dud 
of  C.    But  the  theory  of  iBinnus  sd^Ws  the  poasibifity  oF 
Ulii  case.    When  £  i^  veiry  k>ng,  or  whien  it  is  hdd  m  the 
handi  it  Is  rendered  wmck  mart  undercharged  tbah  Aead^ 
eeni  paK  oTC ;  and  the  fluid  in  the  remoter,  b«it  ihot  miidi 
remcMer,  part  of  C  is  strongly  attracted  by  the  oopioas 
dundant  matter  in  the  near  end  of  £,  and  is  faroiig^ 
l^n^  and  passes  orer  into  £,  in  the  way  to  be 
immediately*  The  case  is  rare,  and  it  will  not  hqipes  at  aay 
considermbie  distance  from  the  neutral  point  of  CL    JS^  is* 
derf,  K  touch  the  near  end  of  C  before  A  is  hiia^lit 
die  approndi  of  A  will  cense  iuid  to  pass  imo  £ 
It«  and  C  will  be  left  undeftfaarged  on  the  whole. 

Tne  reader^  who  is  ai  all  com^ersant  with 
raacMSi^  will  be  senstUe^  that  these  mftiinnnts 
letpiinEagj^  die  gftMest  drrness  of  air,  and 
fftvcni  die  cDssifdaiQn  ef  chitiiutT  daring  da^ 
aaKf^    Thb^  he  chaaacinc  the  stale  of  the 
AilKnaiUi  k  wiB  fieqnenUj 

<)ecenoanetei9  are  snst  sft  lochui{>e  in  dnneipeie^  k 
scaeodhr  possiUe  tcmakethea  pafeLdt 
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conductors  have  affected  thtmfor  smne  time  by  the  action  o£ 
the  disturlnng  electric,  the  removal  of  this  electric  wiU  not 
cause  the  electrometers  to  hang  perpendicular;  they  will  often 
be  attracted  by  the  conductors,  and  often  repelled ;  but  the 
intelligent  experimenter,  aware  of  these  circumstances,  will 
know  what  allowances  to  tnake. 

67.  The  theoky  obtains  a  still  more  complete  support  from 
a  comparison  with  similar  experiments  made  with  imperfect 
conductors.  If,  in  place  of  die  series  A,  B,  C,  (fig.  11.)  of 
metalline  conductors,  we  employ  cylinders  of  glass  or  sealing 
"Wax,  or  even  dry  wood  or  marble,  and  electrometers  with  silk 
threads  in  place  of  the  insh-pith  electrometers,  we  shall  find 
all  the  appearanceis  to  be  such  as  the  thi^ory  enables  us  to 
^predict  If,  for  exaiiiple,  we  use  a  single  cylinder  A  of  glass, 
We  shall  find  that  the  neighbourhood  of  the  electric  D 
l(fig.  12.)  scarcely  induces  any  electricity  on  A.  The  elec- 
trometer will  hardly  exhiUt  the  smallest  attraction,  and  its 
motions  will  be  almost  entirely  such  as  arise  from  the  imme- 
diate influence  of  the  electric  body  D.  A  cylinder  of  very 
diy  wood  will  be  more  affected  by  the  electric  D ;  and  a  cir- 
cumstance of  theoretical  importance  is  very  (tistinctly  ob- 
served, namely,  the  gradual  shifting  of  the  neutral  point  tt 
will  be  found  to  advance  along  the  cylinder  for  a  very  long 
while,  when  every  circumstance  is  very  favourable,  the  air 
very  dry,  and  the  wood  almost  a  non<<x>nductor ;  and  its  final 
situation  will  be  found  inudi  nearer  to  the  electric  than  in 
the  brass  conductor.  Several  instructive  experiments  of  this 
kind  inAy  be  found  in  a  treatise  publbhed  in  1763  by  Dr. 
Thomas  Milner  at  Maidstone  in  Cent,  entitied,  <<  Experi^ 
ments  and  Observations  on  Electricity.^  The  author  does 
not  profess  to  advance  any  new  doctrines,  but  only  to  exhibit 
experiments  scientifically  arranged  for  forming  a  system.  He 
supports  the  Franklinian  system  as  it  was  generally  under- 
stood at  that  time ;  but  is  mvtdi  embarrassed  for  the  expla- 
nation of  the  repuldon  of  negative  electrics.  The  iBpinian 
correction  of  this  theory  did  not  offer  itself  to  his  mind. 
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68.  We  need  not  go  over  tlie  same  ground  again  with  ini'* 
perfect  conductors;  It  is  well  known  that  such  bodies  are 
more  weakly  atti^ted  and  repelled  ;  that  the  balls  of  an 
electrometer  with  linen  threads  diverge  vastly  more  when 
an  electrified  body  is  held  below  it,  than  if  the  threads 
arc  silken  ;  that  such  electrometers  frequently  exhibit  very 
capricious  appearances  from  the  slow  but  real  progress  of 
the  electricity  along  the  threads.  These  anomalies  will  be 
better  understood  when  we  explain  the  dissipation  of  elec- 
tricity along  imperfect  conductors. 

69.  A  very  essential  deduction  from  the  theory  is,  that 
the  electricity  induced  on  an  imperfect  conductor  must  have 
some  permanency.  This  is  fully  confirmed  by  experiment. 
But  the  remarkable  instances  of  this  particular  cannot  be 
produced  till  we  be  better  acquainted  with  the  methods  of 
producing  great  accumulations  of  fluid.  It  is  enough  to 
observe  at  present,  that  a  permanent  electricity  may  always 
be  observed  at  the  junction  of  the  conductors  with  their  in- 
sulating stalks.  The  brass  conductor  A  ceases  to  be  electric 
as  soon  as  the  excited  globe  is  removed ;  but  the  very  tap 
of  the  glass  stalk  on  which  it  is  supported  will  sensibly  a& 
feet  a  delicate  electrometer  for  a  long  while  after.  The  fol- 
lowing pretty  experiment  shews  this  permanency  very  dis- 
tinctly. Set  one  of  the  sealing-wax  needles  on  its  jnyot, 
and  place  it  between  two  insulated  metal  spheres  of  consi- 
derable size,  at  sucli  a  distance  from  both  as  not  to  receive 
a  spark.  Electrify  these  balls  moderately,  one  of  them  po- 
sitively, and  the  other  negatively,  and  keep  them  thus  elec- 
trified for  some  hours  by  renewing  their  electrification.  The 
needle  quickly  arranges  itself  in  the  line  joining  the  two 
spheres,  just  as  a  magnetic  needle  will  do  when  placed  be- 
tween two  magnets  whose  dissimilar  poles  front  each  other. 
Any  gentle  force  will  derange  the  needle ;  but  it  will  vi- 
brate like  a  magnetic  needle,  and  finally  settle  in  its  former 
position.  When  this  has  been  continued  some  time,  that 
end  of  the  needle  which  pointed  to  the  positive  globe  will 
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he  found  negative,  and  the  other  will  be  found  positive,  if 
examined  witli  an  electroscope.  And  now,  if  the  two  globes 
be  removed,  this  little  needle  will  remain  electrical  for  en- 
tire days  in  dry  frosty  weather,  and  its  ends  will  approach 
any  body  that  is  brought  near  it  (taking  care  not  to  come 
too  close) ;  and  the  end  which  pointed  to  the  positive  globe 
will  avoid  a  piece  of  rubbed  sealing  wax,  but  will  approach 
a  piece  of  rubbed  glass ;  but  the  other  end  will  be  affected 
in  the  opposite  way.  In  short,  it  proves  an  electric  needle 
with  a  positive  and  negative  pole. 

If  two  small  insulated  balls  are  m<^erately  electrified  and 
placed  about  six  inches  asunder,  this  needle,  when  carried 
round  them,  will  arrange  itself  exactly  as  a  magnetic  needle 
does  when  carried  round  a  magnet  of  the  same  length.  If 
the  same  trial  be  made  with  the  needle  of  gilt  card,  it  will 
arrange  itself  in  the  same  manner  that  a  soft  iron  needle  ar* 
ranges  itself  near  a  magnet,  but  either  end  will  turn  indif- 
ferently to  either  globe. 

If  a  thin  brass  plate,  coated  with  red  sealing  wax,  be  set 
on  the  positive  and  negative  globes,  and  we  sprinkle  (front 
a  considerable  height)  a  fine  powder  of  black  sealing  wax, 
and  then  pat  the  plate  gently  with  a  glass  rod  so  as  to  agi- 
tate it  a  little,  the  particles  of  wax  powder  will  gradually 
arrange  themselves  into  curve  lines,  diverging  from  the 
point  over  one  of  the  globes,  and  converging  to  the  point 
over  the  othier,  precisely  like  the  curves  formed  by  iron-fil- 
ings sprinkled  on  a  paper  held  over  a  magnet.  Each  little 
rag  of  wax  becomes  electrical  by  position,  acquires  two  poles, 
and  the  positive  pole  of  one  attracts  the  negi^tive  pole  of  an- 
other ;  and  they  adhere  in  a  certain  determinate  position, 
nearly  a  tangent  to  the  curve,  which  was  mentioned  in  §  50. 
and  indicates  the  law  of  magnetic  action.^  When  ia  this 
state,  if  a  hot  brick  be  held  over  the  plate  till  the  wax  soft- 
en a  little,  the  particles  of  black  wax  will  adhere  to  the  red 
poating,  and  ^ve  us  a  permanent  spedmen  of  the  action. 
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70.  It  13  well  known  that  liquid  seating  wax  is  a  ctm^oc^ 
or.  The  writer  of  this  article  filled  a  glass  tube  with  pow- 
dered sealing  wax,  and  melted  it,  and  then  exposed  it.  in 
its  melted  state,  to  the  influence  of  a  positive  and  a  negative 
globe,  hoping  to  make  a  powerful  and  permanent  electric 
needle,  which  should  have  two  poles,  and  exhibit  a  set  of 
phenomena  resembling  those  of  magnetism.  Accordingly 
he,  in  some  measure,  succeeded,  by  keeping  the  globes  con- 
tinually electrified  for  several  hours,  till  the  wax  was  quite 
cold.  It  had  two  distinct  poles,  and  preserved  this  proper- 
ty, even  though  plunged  in  water,  and  while  immersed  in  the 
water;  but  he  was  greatly  disappointed  as  to  the  degree  of 
its  electricity.  It  just  affected  a  sensible  electrometer  at  tlie 
distance  of  six  inches  from  either  pole-  It  was  consider- 
gbly  stronger  than  if  it  had  not  been  melled  during  the  im- 
pregnation,  but  by  no  means  in  the  degree  that  he  expect- 
ed. It  retained  some  electricity  for  about  six  weeks,  al- 
thougli  lying  neglected  among  conducting  bodies.  After 
its  power  seemed  quite  extinct,  he  was  melting  it  again  iu 
wder  to  renew  iL  Some  light  fibrous  tilings  chanced  to  be 
near  it.  While  it  was  softening,  it  became  very  sensibly 
electrical,  causing  these  fibres  to  bend  towards  it,  and  even 
to  ding  to  the  tube.  We  shall  sec  by  and  bye,  that  he  was 
mistaken  in  expecting  more  remarkable  appearances,  and 
that  the  theory,  when  projwrly  applied,  docs  not  promise 
them.  Having  thus  ostabiis.hed  (as  we  think)  tins  tlieory 
on  sufficient  foundations  for  making  it  a  very  perspicuous 
way  of  explaining  the  phenomena  of  intloccd  eleclricityt  we 
proceed  to  compare  it  with  the  second  general  fact  in  elec- 
tricity. 

71.— Pbop.  II.  When  an  insiiJatcd  body  B  is  broug\^ 
very  near  an  electrified  body  A,  a  spark  is  observed  to  pi^— ^ 
between  them,  accompanied  with  a  noise  (whicli  we  shall  «i^* 
the  electric  Snap),  and  B  is  now  electrified  permancckxx^ 
and  the  electricity  of  A  is  dimiuiflli»l.  ~ 
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Although  this  be  one  of  the  most  familiar  facts  in  electri* 
fdty,  it  will  be  proper  to  consider  its  attending  drcumstances 
in  a  way  that  oonnects  U  with  what  we  have  now  learned 
xonceming  electricity  by  position. 

Let  the  insulated  body  A  (fig.  14.)  be  furnished  with  a 
cQrk-ball»  banging  by  a  silk  thread  from  a  glass  stalk  con* 
pected  with  A;  let  B  be  fitted  up  in  the  same  manner;  let 
A  be  electrified  weakly,  and  its  degree  of  dectridty  be  esd* 
mated  by  the  indinatbn  of  the  ball  UnMrdi  A :  since  B  is 
npt  electrified)  its  electrometer  will  hang  perpendicular ;  but 
when  it  approaches  A  (keefung  the  electroinetem  on  the  re* 
mote  sides  of  both),  its  electrometer  will  approach  it,  and 
the  electrometer  of  A  will  gradually  ajqproach  the  perpen- 
dioular.  When  the  bodies  are  brought  very  near,  a  spar]( 
is  seen  between  them ;  and,  at  that  instant,  the  electvomo* 
ter  of  B  comes  much  nearer  to  it,  and  that  of  A  dre^  fiiiu 
ther  from  it  If  they  be  now  separated,  their  electrometers 
will  retain  their  new  positions  with  Tcry  Uttle  change,  and 
B  will  now  manifest  the  same  kind  of  electricity  with  A. 

Such  is  the  appearance  when  A  has  been  but  weakly 
electrified  Bringing  B  near  A,  the  fluid  in  B  is  drawn  to 
the  remote  side,  if  A  be  overcharged,  or  drawn  to  the  rida 
nearest  to  A,  if  A  has  been  undercharged.  B  acts  on  its 
electrometer  in  consequence  of  the  change  made  in  the  dis« 
position  of  its  fluid.  The  electrometer  is  attracted.  In  the 
mean  time,  the  change  made  in  the  disposition  of  the  fluid 
in  B  affects  the  moveable  fluid  in  A.  If  A  was  overcharged, 
the  adjacent  side  of  B  becomes  undercharged,  and  its  re- 
dundant matter,  attracting  the  fluid  in  A,  condenses  it  in 
the  adjacent  side,  abstracting  part  of  the  redundant  fluid 
from  that  ^de  which  is  next  to  the  pith-ball.  Then  the  joint 
action  of  the  whde  redundant  fluid  in  A  on  the  pith-ball  is 
diminished. 

As  there  is  now  an  attraction  in  the  redundant  fluid  in  A 
for  the  redundaift  matter  on  the  adjacent  side  of  B,  it  is 
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aaoie  to  suppose,  tlmt  when  this  attraction,  j< 
•  repulsion  at'  the  redundant  fluid  behind  ii,  is  able. 
B  the  attraction  which  connects  it  with  the  sii[] 
cial  particles  of  the  matter,  it  will  then  escape  and  fly  into 
B ;  but  this  will  not  happen  gradually,  but  at  once,  as  soon 
as  tlie  expelling  force  lias  arisen  to  a  very  considerable  in- 
tenaly.  We  cannot  say  what  is  the  precise  augmentation 
that  is  necessary ;  but  we  can  clearly  see,  that  however  great 
the  attraction  for  the  adjoining  particles  may  be,  white  the 
particle  is  surrounded  by  them  on  a// sides,  it  will  yield  to 
the  sraallesi  ineqiiality  offeree,  because  the  particles  before 
it  attract  as  much  as  those  behind  it ;  but  when  it  is  just 
about  to  quit  the  last  or  superficial  particles  of  A,  a  much 
greater  force  is  now  necessary.  It  can  be  strictly  demon- 
strated, that  when  the  mutual  tendency  is  inversely  as 
square  of  the  distance,  tiie  a>;tion  of  a  particle  placed  imi 
diately  without  a  sphere  ot  such  matter  is  double  of  its 
lion  when  situated  in  the  very  surface.  A  saUwi  of  thi 
must  obtain  whatever  be  the  law  of  electric  nttraction.  We 
shall  see  other  causes  also  which  should  prevent  the  escape 
of  redundant  fluid,  and  also  its  admission,  till  the  impell 
force  is  increased  in  a  cert^n  abrupt  degree. 

72,  These  observations  must  suffice  at  present  to  ejc| 
the  desultory  nature  of  this  transference,  if  there  be 
a  transference.     That  this  has  happened,  may  be  coo6d< 
ly  inferred  from  the  sudden  diminution  of  the  clectridt] 
A,  indicated  by  the  sudden  fall  of  its  electrometer;  bi 
is  more  expressly  established,  that  there  has  lieen  ft 
ference  by  the  change  produced  on  B.      It  is  now  pel 
nently  electrified,  and  its  electricity  is  of  the  same  kind  with 
tliat  of  A,  positive  or  negative  according  as  A  is  positive  or 
negative.     And  now  we  are  enabled  to  explain  the  third  g». 
neral  fact  in  electricity. 

73. — Prop  III.  When  a  body  has  imparted  cleclrid 
to  another,  it  constantly  repels  it,  unless  tliat  other  has  ] 


i 


ELFXTRICITY.  57 

terwards  imparted  all  its  electricity  to  other  bodies.  This 
fact,  from  which  there  is  no  exception,  is  an  immediate  con- 
sequence of  the  theory.  Before  the  transference  supposed 
by  it,  B  was  in  its  natural  state ;  after  the  transference,  both 
bodies  contain  redundant  fluid,  or  redundant  matter ;  there- 
fore they  must  mutually  repel. 

We  may  now  take  another  form  of  the  experiment,  which 
will  be  much  more  convincing  and  instructive.  Let  A  be 
electrified  positively,  or  by  redundancy,  and  let  its  electro- 
meter be  attached  to  it  by  a  conducting  stalk,  and  have  a 
flaxen  thread ;  let  this  be  the  case  also  with  the  electrome- 
ter of  B ;  then  the  appearances  sliould  happen  in  the  follow- 
ing order:  When  A  is  made  to  approach  B,  the  electrome- 
ter of  B  must  gradually  rise,  diverging  frtnn  B ;  because 
the  fluid  condensed  on  the  side  remote  from  A,  and  in  the 
electrometer,  will  act  more  strongly  on  it  than  the  deserted 
matter  on  the  other  side  of  B ;  and  when  tlie  sudden  trans- 
ference is  made,  and  B  is  wholly  overcharged,  its  electrome- 
ter will  immediately  rise  much  higher,  and  must  remain  at 
that  height,  nearly,  when  A  is  removed.  On  the  other 
hand,  the  electrometer  attached  to  the  remote  side  of  A 
must  descend,  by  reason  of  the  change  made  in  the  dispo- 
sition of  the  fluid  in  A  by  the  induced  electrical  state  of  B ; 
and  when  a  considerable  portion  of  the  redundant  fluid  in 
A  passes  into  B,  the  electrometer  of  A  must  suddenly  sink 
much  lower,  and  remain  in  that  state  when  B  is  removed. 

Many  circumstances  of  this  phenomenon  corroborate  our 
belief  of  a  real  transference  of  matter.  The  cause  of  elec- 
tric action  resided  formerly  in  A  alone ;  it  now  resides  also 
in  B.  The  larger  that  B  is,  the  greater  is  the  diminution 
of  A's  electric  power,  and  the  smaller  is  the  power  acquired 
by  B.  It  perfectly  resembles,  in  this  respect,  the  commu- 
nication of  saltness,  sweetness,  &c.  by  mixing  a  solution  of 
salt  or  sugar  with  different  quantities  of  water ;  and  the 
evidence  of  a  transference  of  a  substance,  the  cause  of  elec- 
tric attractions  and  repulsions,  is  at  least  as  cogent  as  the 
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evidence  of  tlie  Mnsfercace  of  heat,  wiicn  we  mix  bot  wa* 
Icr  with  a  quantity  of  cold,  or  when  a  hot  solid  body  is  ap- 
plied to  the  bide  of  a  cold  one.  Wc  also  see  so  many  che- 
mical and  other  changes  produced  by  tliis  com  muni  cation 
of  electricity,  that  we  can  hardly  refuse  admitting  that  »onie 
malrrial  subulancc  passes-  from  one  body  to  another,  and,  in 
its  new  situation,  exerts  its  attractions  and  repulsions,  and 
produces  all  their  elfccts. 

We  may  deduce  the  following  corollaries ;  all  of  which 
are  exactly  conformable  to  the  phenomena,  serving  still  more 
to  confirm  the  justness  of  the  theory. 

74.  Firsts  A  certain  quantity  of  what  possesses  these  ■ 
powers  of  attraction  and  repulsion  is  necessary  for  giving  a 
determined  vivacity  to  the  appearances.  Another  spark  must 
pass  between  the  bodies,  onli/  if  the^  be  brnughl  still  nearer, 
and  their  electrometers  must  rise  and  fall  still  farther.  For 
by  the  first  transference  of  electric  fluid  into  B,  the  expell- 
ing power  of  A  is  diminished,  and  the  superior  attraction  of 
the  redandanl  matter  in  the  adjacent  side  of  B  is  also  coun- 
teracted by  the  repulsion  of  the  fluid  which  has  entered  in- 
to it;  tlierefore  no  more  will  follow  unless  these  forces  be 
increased,  at  least  to  their  former  degree.  When  this  ad- 
dition has  been  made  to  B,  and  tliis  abstraction  from  A, 
their  respective  electrometers  must  be  aflected.  All  tliia  ta- 
in perfect  conformity  to  experience. 

75.  Second,  All  the  phenomena  of  communicated  electrici- 
ty must  be  more  remarkable  in  proportion  to  the  conducting 
power  of  the  bodies.  A  very  imperfect  conductor,  6Uch 
as  glass  or  sealing  wax,  will  im))art  or  receive  fluid  only  be- 
tween the  very  nearest  parts;  wliereas  a  metalline  body  is 
instantly  affected  through  its  whole  extent.  This  deduc- 
tion is  perfectly  agreeable  to  the  whole  train  of  elcclric  ex- 
periments. The  finger  receives  a  strong  si>ark  from  a  large 
metalline  electrified  body,  whicli  discharges  every  part  of  it 
of  a  portion  of  its  electricity.  But  an  excited  globe,  which 
sljews,  by  its  action  on  a  distant  body,  as  great  a  degree  «f 
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.electricity,  will  give  only  a  very  sumiU  spark ;  and  it  is  found 
not  to  be  affected  at  any  considerable  distance  from  thi^ 
point  of  its  surface  from  which  the  transrerbnce  was  made. 
The  whcde  electridty  of  a  perfect  conductor  is  discharged 
by  touch^^g  '\i ;  hMt  a  nonconductor  will  successively  give 
spark%  if  touched  in  siMiy  dififerent  parts ;  and  it  may  be 
9een  by  %  vk^  etectroiineter,  that  each  oontact  takes  away 
the  el^ctri^ty  only  from  a  very  small  space  round  it :  and  it 
is  further  highly  deserving  of  notice,  that  som^  time  after 
a  spark  has  b^en  obtaijned  from  a  particular  spot  of  the  etoo- 
trie,  a  spcpnd  spark  may  be  obtained  from  it,  the  electricity 
jof  the  neighbpuring  part§  haviiig  breu  gradually  diffused 
through  it 

76.  Thirds  If  an  de^tcified  conducting  body  touch  any 
thing  communioating  wit{i  the  ground  by  perfect  conduct- 
ors, all  its  electricity  must  disappear,  and  none  can  appear 
in  the  body  touched  by  i\ ;  for  the  mass  of  the  earth  bears 
9uch  an  uunneasumble  proportion  to  that  of  the  greatest 
body  that  we  can  electrify,  that  when  the  redundancy  or 
defidency  is  divided  between  them,  it  must  be  impereepti- 
Ideinboth. 

77.  Hence  the  neces^ty  of  inauhtifm^  as  it  is  called,  or 
the  surrounding  by  non-conductors  every  body  which  we 
would  have  exhibit  electric  appearances*.  But  we  must  con- 
sider, in  its  proper  place,  the  manner  in  wliich  the  electric 
fluid  is  dissipated  by  imperfectly  insulating  substances ;  a 
(object  intimately  connected  with  the  theory*. 

7&  Foicr<A,  Any  unelectrified  body  will  be  first  attracted 
|>y  anelectrified^body,  wUl  touch  it,  and  will  then  be  repell- 
ed* The  neutral  body  is  '  cndered  electrical  by  induction.  It 
is»  t^  amscquence  ofihi^  attracted  cornea  near  enou^  to  re- 
odve  a  spark,  or  even  touches  it,  and  is  then  electrified  by 
communication ;  and,  in  cwuequeuce  of  ihu^  it  is  repelled. 


*  Soe  the  Artick  Ei.BcmicryY  In  Uic  B'linbiiryh  Euqrclopsdia  for  vaord 
pKittnuJat  iofoisiatiop  dta  this  RubJQct. 

r  * 
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This  is  oonfirmod  by  m  endless  train  of  experiments.  It 
vas  first  taken  notice  of  (we  think)  by  Sir  Isaac  Newton. 
Otbo  Ghiericke,  a  gentleman  of  Magdeburgh,  to  whom  we 
owe  the  air  pump^  mentions  many  instanees  of  the  repul* 
tKNi,  but  did  not  observe  that  it  was  an  universal  bw.  New- 
ton was  so  struck  with  it  as  to  engage  in  a  considerable 
tndn  of  eiqieriments  in  the  early  part  of  his  life,  while  me- 
£tating  on  the  power  of  gravity ;  but  even  his  sagacious 
mind  did  not  observe  the  whole  process  of  nature  in  his  ex- 
periments. He  observed,  that  the  light  bodies  whidi  rose 
and  adhered  to  the  rubbed  {date  of  glass  were  sooo  after  re- 
pelled by  it;  but  did  not  observe,  that  the  same  peoe  would 
agaiii  rise  to  the  glass  after  it  had  touched  the  table.  This 
&ct  is  now  the  foundation  of  many  experiments,  which  the 
itinerant  electridans  vie  with  each  other  in  rendering  very 
amusing.  We  may  render  them  instructive.  Take  away 
the  middle  ooodudor  B  (fig.  11.),  and  hang  in  its  plaoea 
oork  ball  fay  a  long  silk  thread.  As  soon  as  the  electric 
body  D  is  brought  near  to  A,  the  ball  is  attracted  by  its  re- 
mote end,  comes  into  contact,  is  repelled  by  it,  and  attract- 
ed by  the  adjacent  end  of  C,  touches  it,  is  fiiintly  repelled 
by  it,  and  again  attracted  by  A ;  and  the  operaticm  4s  re- 
peated several  times.  Whoi  all  has  ceased,  remove  C,  and 
abo  the  electric  D.  C  is  found  to  have  the  same  dectridty 
with  D,  and  A  has  the  oppo»te  electricity.  The  process  is 
too  obvious  to  need  any  detailed  application  of  the  theory. 
The  oork  ball  was  the  carrier  of  fluid  from  A  to  C  if  D  was 
dectiic  by  redundancy,  or  firom  C  to  A  if  D  was  under- 
diaiged.  If  instead  of  removing  C  when  the  vibrationsof 
the  ball  have  ceased,  we  bring  D  a  little  nearer,  they  will 
be  renewed,  and,  after  some  time,  will  again  cease.  The 
reason  is  plain.  The  carrior  ball  had  brought  the  conduct- 
or A  into  a  state  of  equilibrium  with  the  action  of  D.  But 
this  action  is  now  increased,  and  the  effects  are  renewed.  If 
we  now  remove  D,  the  ball  will  vibrate  betweoi  A  and  C 
with  great  rapidity  for  a  considerable  time  before  the  vibrav 
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lions  come  to  an  end ;  and  we  shall  find  their  number  to  be 
the  same  as  before.  The  cause  of  this  is  also  obvious  from 
the  theory.  We  may  suppose  A  to  be  negative,  and  C  po- 
sitive. One  of  them  will  attract  the  ball  into  contact,  and 
will  repel  it,  having  put  it  into  an  electric  state  opposite  to 
that  of  the  other  conductor.  It  now  becomes  a  carrier  of 
fluid  from  the  positive  to  the  negative  conductor,  till  it  near- 
ly restore  both  to  their  priinitive  state  of  neutrality. 

79.  There  is  frequently  a  seeming  capriciousness  in  those 
attractions  and  repulsions.  A  pith-ball,  or  a  down  feather, 
hung  by  silk,  will  cling  to  the  conductor,  or  otherwise  elec- 
trified body,  and  will  not  fly  off  again,  at  least  for  a  long 
while.  This  only  happens  when  those  bodies  are  so  dry  as 
to  be  almost  non-conductors.  They  acquire  a  positive  and 
negative  pole,  like  an  iron  nail  adhering  to  a  magnet,  and 
are  not  repelled  till  they  become  almost  wholly  positive  or 
negative.     It  never  happens  with  conducting  light  bodies. 

80.— Fj/IA,  It  should  follow  from  the  theory,  that  the  elec- 
tric attractions  and  repulsions  will  not  be  prevented  by  the 
intervention  of  non-conducting  substances  in  their  neutral 
state.  Accordingly,  it  is  a  fact,  that  the  interposition  of  a 
thin  pane  of  glass,  let  it  be  ever  so  extensive,  does  not  hin- 
der the  electrometer  from  being  afiected.  Also,  if  an  insu>* 
lated  electric  be  covered  with  a  glass  bell,  an  electrometer 
on  the  outside  will  be  affected.  Nay,  a  metal  ball,  covered 
to  any  thickness  witli  sealing  wax,  when  electrified,  will  af- 
fect an  electrometer  in  the  same  way  as  when  naked.  We 
cannot  see  how  tliesc  facts  can  be  explained  by  the  action  of 
electric  atmotspheres.  It  is  indeed  said,  that  the  atmo- 
sj^ere  on  one  side  of  the  glass  produces  an  atmosphere  on 
the  other ;  but  we  have  no  explanation  of  this  production. 
If  the  interposed  plate  be  a  non-conductor,  how  does  the 
one  atmosphere  produce  the  other?  It  must  produce  this 
effect  by  acting  at  a  distance  on  the  particles  which  are  to 
form  this  atmosphere.  Of  what  use,  then,  is  the  atmo- 
sphere, even  if  those  atmospheres  could  effect  the  observed 
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motions  or  the  electrometer  in  consistency  with  thfe  1**%  fil" 
mechanics !  The  atmospheres  only  substitute  millions  of 
attractions  or  repul^ons  in  place  of  one.  We  must  observe, 
however,  that  the  motions  of  the  electrometer  are  modified, 
and  sometimes  greatly  changed,  by  the  interposed  non-con- 
ducting plate;  but  this  is  owing  to  the  electricity  induced 
on  the  plate.  If  the  electric  is  positive,  the  adjacent  sur- 
face of  the  plate  becomes  faintly  negative,  and  the  side  next 
the  electrometer  slightly  positive.  This  affects  the  electro- 
meter even  more  ilian  the  more  remote  electric  docs.  That 
this  is  tlie  cause  of  the  difference  between  the  state  of  llie 
electrometer  when  the  plate  is  there  and  when  it  is  removed, 
will  appear  pl^nly  by  breathing  gently  on  the  glass  plate 
to  damp  it,  and  give  it  a  small  conducting  power.  This 
will  make  some  cliange  in  the  position  of  the  electrometer. 
Continue  this  more  and  more,  till  the  plate  will  no  longer 
insulate.  The  changes  produced  on  the  electrometer's  po- 
rtion will  ibrm  a  regular  series,  till  it  is  seen  to  assume  the 
very  position  which  it  would  have  taken  had  the  plate  been 
brass.  Then,  considering  those  changes  in  a  contrary  or- 
der, and  supposing  the  series  continued  a  little  farther,  we 
shall  always  find  that  it  leads  to  the  position  which  it  would 
have  taken  when  no  plate  whatever  is  interposed.  We  con- 
sider this  as  an  important  fact,  shewing  that  the  electric  ac- 
tion is  similar  lo  gravitation,  and  that  there  is  no 
casion  for  the  intervention  of  an  atmosphere  for  explmni 
the  phenomena  of  electricity  tlian  for  cxpliuning  tj]0! 
gravitation. 

81. — Sixth,  Since  n on- electrics  are  conductors,  and 
electrics  may  be  excited  by  friction  with  a  non-eloctric,  it  fol- 
lows, that  if  this  non-electric  be  insulated,  and  separated 
from  the  electric,  it  will  exhibit  signs  of  electricity ;  but  when 
they  are  together,  there  must  not  appear  any  marks  of  it, 
however  strong  the  excitation  may  be.  We  do  not  pretend, 
to  comphrehend  distinctly  the  manner  in  which  friction, 
the  other  modes  of  cicilalion,  operate  in  changing  the 
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nectioii  between  the  particles  of  the  fluid  imd  those  of  the 
tangible  matter ;  nor  is  thb  exfkiimd  in  any  electric  thiettoy 
that  we  know :   but  if  we  are  satisfied  with  the  eTidences 
which  we  hai^  for  the  existence  of  a  substance,  whose  pre- 
sence or  abselioe  is  die  cause  pf  Aie  electric  phenomena,  we 
must  gmnt  that  its  usual  connection  with  the  tangible  mal^ 
ter  of  bodies  is  changed  in  the  act  of  excitation,  by  fnctioii, 
or  by  any  other  means.    In  the  case  of  friction  producing 
positive  electricity  on  the  surface  of  the  electric,  We  must 
suppose  that  die  act  of  friction  causes  one  body  to  emit  or 
absorb  the  fluid  more  coinously  than  the  other,  or  jpieihapa 
the  one  to  emit,  and  the  other  to  absorib.    Which  ever  is 
the  case^  the  adjoining  surftces  must  be  in  oppoute  states^ 
and  the  one  must  be  as  mudi  overdiarged  as  die  other  is 
undercharged.    When  the  bodies  (which  we  may  suppose 
to  have  the  form  of  plates)  are  joined,  and  the  one  exacdy 
tovers  die  odier,  the  assemblage  must  be  inacdve ;   fbr  a 
particle  of  moveable  fluid,  situated  any  where  on  the  side  of 
die  overchai^ged  plate,  will  be  as  much  attracted  by  die  mt- 
derchArged  surface  of  die  remote  plate  as  it  b  repelled  by 
the  overcharged  surface  of  the  ne^  plate.    The  surfiioes 
are  equal,  and  equally  electric,  and  act  on  either  side  widi 
equd  intensity ;  and  they  are  cbUicident    Therelbre  their 
actions  balance.    The  sicdon  b  expressed  by  die  formula  cf 
§  43;  taamely,  F'  in'  x  2r— s';  and»  — »'  is=:0,  byieasoh 
of  the  equal  distances  of  these  suiiihces  from  the  particle  of 
exterior  fluid. 

But  lek  the  plates  be  separated.  Part,  and  proUddy  the 
greatest  pan,  of  the  redundant  fluid  on  one  of  the  rubbed 
surfaces  will  fly  back  to  the  other,  being  urged  both  by  the 
attracdon  of  thie  redundant  Inattor  and  the  repulsion  of  its 
own  parddes.  But  the  electtic,  bring  electric  because,  «nd 
ohiy  because,  it  is  a  non^xmductbr,  must  retain  some,  or 
will  remftin  deprived  of  some,  in  a  stratum  a  litde  withm 
the  kurfihce.    The  two  plates  must  therefore  be  left  in  op- 
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posite  states,  and  the  conducting,  or  non*electric  plate,  if  iit& 
sulated  before  separation,  must  now  exhibit  electric  acdoiL 

Ail  this  is  exactly  agreeable  to  fact.  We  also  know  that 
electrics  may  be  excited  by  rubbing  on  each  other ;  and  if 
of  equal  extent,  and  equally  rubbed,  they  exhibit  no  electric 
powers  while  joined  together ;  but  when  parted^  tbej  are 
always  in  opposite  states.  The  same  thing  happens  when 
sulphur  is  melted  in  a  metal  dish,  or  when  Newton^'s  metal 
is  melted  in  a  glass  dish.  While  joined,  they  are  most  per- 
fectly neutral ;  but  manifest  very  strong  opposite  electricities 
when  they  are  separated.  This  completely  disappears  when 
they  are  joined  again,  and  re-appears  on  their  separation^ 
even  after  being  kept  for  months  or  years  in  favourable  cir- 
cumstances. We  have  observed  the  plates  of  tale,  and  other 
laminated  fossils,  exhibit  very  vivid  electricity  when  split 
asunder. 

62.  Attention  to  these  particulars  enables  us  to  construct 
machines  for  quickly  exbiting  vivid  electricity  on  the  sur- 
face of  bodies,  and  for  afterwards  exhibiting  it  with  eonti>- 
nued  dispatch.  The  whirling  globe,  cylinder,  or  plate,  first 
employed  by  Mr.  Hauksbee^  for  the  solitary  purpose  of  ex- 
amining the  electricity  of  the  globe,  was  most  ingeniously 
converted  by  Hausen,  a  Grerman  professor,  into  a  rapid  col- 
lector and  dispenser  of  electricity  to  other  bodies,  by  plac- 
ing an  insulated  prime  ^nductor  close  td  that  part  of  the 
surface  of  the  globe  wAich  had  been  excited  by  frictiont 
Did  our  limits  give  us  room,  we  should  gladly  enlarge  on 
this  subject,  which  is  full  of  most  curious  particulars,  high- 
ly meriting  the  attention  of  the  philosopher.  But  it  might 
easily  occupy  a  whole  volume ;  and  we  have  still  before  us 
the  most  interesting  parts  of  the  mechanical  department  €£ 
electricity,  and. shall  hardly  find  room  for  what  is  essentially 
requisite  for  a  clear  and  useful  comprehension  of  it.  W^ 
must,  therefore,  request  our  readers  to  have  recourse  to 
original  authors,  who  have  considered  the  excitation 
friction  minutely.     And  we  particularly  recommend  th 
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very  csreful  perusal  of  Beocaria's  Dissertations  on  it,  com- 
paring the  phenomena,  in  every  step,  with  this  theory  of 
^pinus.  Much  valuable  information  is  also  obtained  from 
Mr.  Nicholson's  observations*.  The  iGpinian  theory  will 
be  found  to  connect  many  things,  which,  to  an  ordinary 
reader,  must  appear  solitary  and  accidental. 

83.  Seeing  that  this  very  simple  hypothesis  of  iEpinuB 
Bo  perfectly  coincides  in  its  legitimate  consequences  .with  all 
the  general  phenomena  of  attraction  and  repulsion,  and  not 
only  with  those  that  are  simple,  but  even  such  as  are  com- 
pounded of  many  others — we  may  listen,  without  the  impu- 
tation of  levity,  to  the  other  evidences  which  may  be  offer- 
ed for  the  materiality  and  mobility  of  the  cause  of  those  me- 
chanical phenomena.  Such  evidences  are  very  numerous, 
and  very  persuasive.  We  have  said,  that  the  transference 
of  electricity  is  desultory,  and  that  the  change  made  in  the 
electric  state  of  the  communicating  bodies  is  always  consi- 
derable. It  appears  to  keep  some  settled  ratio  to  the  whole 
electric  power  of  the  body.  When  the  form  of  the  parts 
where  the  communication  takes  place,  and  other  circumstan- 
ces, remain  the  same,  the  transference  increases  with  the 
size  of  the  bodies ;  and  all  the  phenomena  are  more  vivid 
in  proportion.  When  the  conductor  is  very  large,  the  spark 
is  very  bright,  and  the  snap  very  loud» 

1.  This  snap  alone  indicates  some  material  agent.  It  is 
occasioned  by  a  sonorous  undulation  of  the  air,  or  of  some 
elastic  fluid,  which  suddenly  expands,  and  as  suddenly  col-^ 
lapses  again.  But  such  is  the  rapidity  o(  the  undulation, 
that  when  it  is  made  in  close  vessels  it  does  not  exist  long 
enough,  in  a  very  expanded  state,  to  affect  the  column  of 
water,  supported  in  a  tube  by  the  elasticity  of  the  air,  for 
the  purpose  of  a  delicate  thermometer  or  barometer;  just 

^  A  full  accoant  of  Nicholson's  Kxperimentt  will  be  founJ  in  the  PhiL 
Tram,  1789,  p.  265.  and  jn  the  Eoinburoh  Bmctclopjidia,  Art  ELecrmciTr, 
volviii.p.  5 10 
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as  a  musket  hall  will  pus  through  a  loose  Ilai^iDg  ^beHct 
paper  without  causing  any  sensible  agitation. 

2.  Tlic  spark  is  accompanied  by  intense  heat,  which  wilt 
kindle  inflammable  bodies,  ¥rill  melt,  explode,  and  calcine 
metals. 

3.  The  spark  produces  some  very  remarkable  chemical 
eiFects.  It  calcines  met^  even  under  water  or  cul ;  it  ren- 
ders Bolognan  phosphorus  luminous :  It  decomposes  water, 
and  makes  new  compositions  and  decompositions  of  many 
gaziform  fluids;  itafiects  vegetable  colours;  it  bIack«Q» 
the  calces  of  bismuth,  lead,  tin,  luna  cornea;  it  oommuni- 
cates  «a  very  peculiar  smell  to  the  air  of  a  room,  which  is  dis- 
tinct from  aU  others;  and  in  the  calcination  of  metals,  it 
changes  remarkably  the  smells  with  which  this  operatioiQ  i^ 
usually  accompanied :  it  afiects  the  tongue  with  an  aoidu- 
lous  taste;  it  agitates  the  nervous  8ystem.-^Wh^  we  com- 
pare these  iq)peanuices  with  similar  chemical  and  pbysiolQ- 
gical  j^nomena,  which  naturalists  never  hesitate  in  aacrib- 
uig  to  the  acUon  of  material  substances,  tsanafefable  fkom 
one  body,  or  one  state  of  comlwiation,  to  another,  we  can 
see  no  greater  reason  for  hesitating  in  ascriUng  the  eleotric 
phenomena  to  the  action  of  a  material  substance ;  which  we 
may  call  a  JbUdy  on  account  of  its  connected  mobility,  awd 
the  electric  Jluid J  on  account  of  its  distinguishing  efiectSb  We 
are  well  aware,  that  these  evidences  do  not  amount  to  de- 
monstration; and  that  it  is  possible  that  the  electric  pbeqo- 
mena,  as  well  as  many  chemical  changes,  may  resjult  hfm 
the  mere  difference  of  arrangement,  or  poaiuon,  of  the  uki- 
mate  particles  of  bodies,  and  may  be  considered  as  the  le- 
sult  of  a  diange  of  modes,  and  not  of  things*  But  in  the 
instances  we  have  mentioned,  this  is  extremely  improbable. 

We  therefore  venture  to  assume  the  existence  of  thia  aub- 
stance,  which  philosophers  have  called  the  electric  fluH  a^ 
a  propositi(m  abundantly  demonstrated ;  and  to  a£Brni,  on* 
the  authority  of  all  the  above-mentioned  facts,  that  ita 
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chanicii!  chaiacter  is  such  as  is  expressed 
hypotliesis. 

We  proccetl,  thererore,  to  expia'ui  the  moat  interesting 
pheDomeca  of  electricity  from  these  principles. 

84.  We  have  seen  that,  in  a  perfect  conductor,  in  its  na. 
tural  state,  the  electric  fluid  is  uniformly  distributed,  and 
cannot  remain  in  any  other  condition.  We  are  particulnrly 
interested  to  know  how  it  is  distributed  in  an  ot'crcharged 
or  undercharged  body,  and  how  this  is  affected  by  the  cir- 
cumarobient  non< conducting  air.  It  is  evident  that  much 
depends  on  this.  The  tendency  to  escape,  and,  particular- 
ly, the  tendency  to  transference  from  one  body  to  anulhcr, 
must  be  greatest  where  the  fluid  is  most  constipated.  We 
know  that  it  tends  remarkably  to  dissipate  from  all  protub^ 
ranees,  edges,  and  long  bodies,  and  that  it  is  impossible  to 
confine  it  in  a  body  having  very  acute  far- projecting  points ; 
and,  what  is  more  paradoxical,  it  is  hardly  posiiible  to  pre- 
vent its  entering  into  a  body  furnished  with  a  sharp  pant. 
The  smallest  rejection  must  suggest  to  our  imagination, 
that  a  perfectly  moveable  fluid,  whose  particles  mutually  i*- 
pel,  even  at  considerable  distances,  and  which  is  confined  in 
a  vessel  from  which  it  cannot  escape,  must  be  compressed 
against  the  sides  of  the  vessel,  and  be  denser  there  than  in 
the  middle  of  the  vessel.  But  In  what  proportion  its  densi- 
ty will  diminish  as  we  recede  from  the  walls  of  the  vessel, 
must  depend  on  the  change  of  electric  repulsion  by  an  lib- 
crease  of  distance.  The  intensity  varies  in  the  proporlion 
of  some  function  of  the  distance,  and  may  be  expressed  by 
the  ordinates  of  a  curve,  on  whose  axis  the  distances  are 
measured.  But  we  are  ignorant  of  this  function.  We 
must  therefore  endeavour  to  discover  it,  by  observing  a  pro- 
per selection  of  phenomena.  Having  made  some  approxi- 
mation to  this  discovery,  such  os  shall  give  rise  to  a  pnJKt- 
bit  amj'ttlure  concerning  the  function  which  expresses  the 
iniensity  of  electric  repulsion,  mathematics  will  then  enable 
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US  to  say  how  the  fluid  must  be  distributed  (at  least  in  mn^ 
simple  and  instructive  cases)  in  a  perfectly  conducting  boi^ 
dy  surrounded  by.  the  air,  and  what  will  be  its  action  on  an- 
other body.     Thus  we  shall  obtain  ostensible  results,  which 
we  can  compare  with  experiments.     The  writer  of  this  arti- 
cle made  many  experiments  with  this  view  above  30  years 
ago,  and  flatters  himself  that  he  has  not  been  nnsuccessful 
in  his  attempts.    These  were  conducted  in  the  most  obvious 
and  simple  manner,  suggested  by  the  reasonings  of  Mr. 
^pinus;.and  it  was  with  singular  pleasure  that,  some  years 
after,  he  perused  the  excellent  dissertation  of  Mr.  Caven- 
dish in  the  Philosophical  Transactions,  vol.  61.  where  he 
obtained  a  much  fuller  conviction  of  the  truth  of  the  con* 
elusion  which  he  had  drawn,  in  a  ruder  way,  from  more  fa- 
miliar appearances.     Mr.  Cavendish,  has,  with  Angular  sa- 
gacity and  address,  employed  his  mathematics  knowledge 
in  a  way  that  opened  the  road  to  a  much  farther  and  more 
scientific  prosecution  of  the  discovery,  if  it  can  be  called  by 
that  name.     After  this,  Mr.  Coulomb,  a  distinguished  mem- 
ber of  the  French  academy  of  sciences,  engaged  in  the  same 
research  in  a  way  still  more  refined ;  and  supported  his  coiw 
elusions  by  some  of  the  most  valuable  experiments  that  have 
been  offered  to  the  public     We  shall  now  give  a  very  brief 
account  of  this  argument :  and  have  premised  these  historic 
cal  remarks ;  because  the  writer,  although  he  had  establish- 
ed the  general  conclusion,  and  had  read  an  account  of  his 
investigation  in  a  public  society  in   1769,  in  which  it  was 
applied  to  the  most  remarkable  facts  then  known  in  electri- 
city, has  no  claim  to  the  more  elaborate  proofs  of  the  same 
doctrine,  which  are  given  in  some  of  the  following  pam^ 
graphs.     These  are  but  an  application  of  Mr.  Cavendish^ 
more  cautious  and  general  mathematical  procedure,  to  the 
function  which  the  writer  apprehends  to  be  sufficiendy  es« 
tablished  by  observation. 

The  most  unexceptionable  experiments  with  which  we 
can  begin,  seem  to  be  the  repulsions  observable  betweem  ' 
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two  rnnaU  spheres.  Whatever  be  the  law  of  distribution  of 
the  particles  in  a  sphere,  the  general  action  of  its  particles 
on  the  particles  of  another  sphere  will  follow  a  law  which 
will  not  differ  much  from  the  law  of  action  between  two 
particles,  if  the  diameters  of  the  spheres  be  small  in  pro- 
portion to  their  distance  from  each  other.  The  investiga- 
tion was  therefore  begun  with  them.  But  the  subject  requir* 
ed  an  electrometer  susceptible  of  comparison  with  others, 
and  that  could  exhibit  absolute  measures.  The  one  em- 
ployed was  made  in  the  following  manner ;  and  we  give  it 
^o  the  public  as  a  valuable  philosophical  instrument.  ' 

85.  Fig  15.  represents ^the  electrometer  in  front.  A  is 
a  polished  brass  ball,  ^th  of  an  inch  in  diameter.  It  is  fixed 
on  the  point  of  a  needle  three  inches  long,  as  slender  as  can 
be  had  of  that  length.  The  other  end  of  the  needle  passes 
through  a  ball  of  amber  or  glass,  or  other  firm  non-con- 
ducting substance,  about  half  or  three-fourths  of  an  inch  in 
diameter;  but  the  end  must  not  reach  quite  to  the  surface, 
although  the  ball  is  completely  perforated.  From  this  ball 
rises  a  slender  glass  rod  F£L;  three  inches  long  from  F  to 
E,  where  it  bends  at  right  angles,  and  is  continued  on  to 
L,  immediately  over  the  centre  of  the  ball  A.  At  L  is  fix- 
ed a  piece  of  amber  C,  formed  into  two  parallel  cheeks,  be- 
tween which  hangs  the  stalk  DCB  of  the  electrometer.  This 
is  formed  by  dipping  a  strong  and  dry  silk  thread,  or  fine 
cord,  in  melted  sealing  wax,  and  holding  it  perpendicular 
till  it  remain  covered  with  a  thin  coating,  and  be  fully  pe- 
netrated by  it  It  must  be  kept  extended,  that  it  may  be 
very  straight ;  and  it  must  be  rendered  smooth,  by  holding 
it  before  a  clear  fire.  This  stalk  is  fastened  into  a  small  cube 
of  amber,  perforated  on  purpose,  and  having  fine  holes 
drilled  in  two  of  its  opposite  sides.  The  cheeks  of  the  piece 
C  are  wide  enough  to  allow  this  cube  to  move  freely  be- 
tween them,  round  two  fine  pins,  which  are  thrust  through 
the  holes  in  the  cheeks,  and  reach  about  half  way  to  thc> 
stalk*    The  lower  part  of  the  stalk  is  about  three  inches 
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long,  and  lenninatcs  in  a  gilt  and  burnitihed  cork-ball  | 
a  ball  of  thin  metal),  a  quarter  of  an  inch  in  diamtujr,  Tlis 
upper  part  CD  is  of  the  same  length,  and  passes,  with  £om« 
friction,  through  a  small  cork-ball.  This  part  of  the  in- 
strument  is  so  proportioned,  thai  when  I'E  is  perpendicular 
to  the  horizon,  and  DCB  hangs  freely,  the  balls  B  and  A 
juat  touch  each  other.  Fig.  16.  gises  a  side  perspective 
view  of  the  instrument.  The  ball  F  is  fised  on  the  end  of 
the  glass  rod  FI,  which  passes  perpendicularly  through  the 
centre  of  a  graduated  circle  GHO,  and  has  a  knob  handle 
of  boxwood  on  the  farther  end  I.  This  glass  rod  turns  stiffljTi 
but  smoothly,  in  the  head  of  the  pillar  HK,  &c.  and  has  an 
index  NH,  which  turns  round  it.  This  index  is  set  paral- 
lel to  the  line  LA,  drawn  through  the  centre  of  the  tixed 
ball  of  the  electrometer.  The  circle  is  divided  into  360  de- 
grees, and  0  is  placed  uppermost,  and  90  on  tlie  right  hand. 
Thus  the  indos  will  point  out  the  angle  which  LA  makes 
with  llie  vertical.  It  will  be  convenient  to  have  another 
index,  turning  stiffly  on  the  same  axis,  and  extending  a  good 
way  beyond  the  circle. 

This  instrument  is  used  in  the  following  manner :  A  con- 
nection  is  made  with  the  body  whose  electricity  is  to  bo 
examined,  by  sticking  the  point  of  the  connecting  wire  iato 
the  hole  at  F  till  it  touch  the  cud  of  the  needle ;  or  if  we 
would  merely  electrify  the  balls  A  and  B,  and  then  leave 
them  insulated,  we  ha\'e  only  to  touch  one  of  them  with  an 
electrified  body.  Now  take  hold  of  the  handle  I,  and  turn 
it  to  the  right  till  the  index  reach  90.  In  this  position,  the 
line  LA  is  horizontal,  and  so  is  CB ;  and  the  moveable  ball 
B  is  resting  on  A,  and  is  carried  by  it.  Now  electrify  the 
halls,  and  gently  turn  the  handle  backwards,  bringing  Uie 
index  back  towards  0,  S;c.  noiiong  carefully  the  two  balk 
It  will  happen  that,  in  some  particular  position  of  the  in- 
dex, they  will  be  observed  to  separate.  Bring  them  loge. 
thcr  again,  and  again  cause  thcni  to  separate,  till  the  eia» 
position  at  separation  is  ascertained.     Thb  will  shew  theV. 
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rqiulsive  force  in  contact,  or  at  the  distance  of  their  centtes, 
aqual  to  the  sum  of  their  radiL     Having  determined  this 
point,  turn  the  instrumeDt  still  more  toward  the  vertical  po* 
mtion.     The  balls  will  now  separate  more  and  more.     Let 
an  assistant  turn  the  long  index  so  as  to  make  it  parallel  to 
the  stalk  of  the  electrometer,  by  making  the  one  hide  the 
other  from  his  view.     The  mathematical  reader  will  see 
that  this  electrometer  has  the  properties  ascribed  to  it     It 
will  give  absolute  measures:   for  by  poizing  the  stalk,  by 
lajring  some  grains  wd^t  on  the  cork-ball  D,  till  it  be* 
comes  horizontal  and  perfectly  balanced,  and  computing  for 
the  proportional  lengths  of  BC  and  DC,  we  know  exactly 
the  number  of  grains  with  which  the  balls  must  repel  each 
other  (when  the  stalk  is  in  a  horizontal  position),  in  order 
marly  to  aeparatt.     Then  a  very  simple  computation  will 
lell  us  the  grains  of  repuluon  when  they  separate  in  any 
oblique  position  of  the  stalk ;  and  another  computation,  by 
the  resolution  of  forces,  will  shew  us  the  repulsion  exerted 
between  them  when  AL  is  oblique,  and  BC  makes  any 
given  angle  with  it    All  this  is  too  obvious  to  need  any 
&rtber  explanation.     The  reason  for  giving  the  connectioQ 
between  A  and  C  such  a  circuitous  form,  was  to  av(Md  all 
M£Xvtm  between  the  fixed  and  the  moveable  part  of  the  elec- 
trometer, dcepC  what  is  exerted  between  the  two  balls  A 
and  B.  The  needle  AF,  indeed,  may  act  a  litde,  and  might 
have  been  avoided,  by  making  the  horizontal  axis  FI  to 
join  with  A :  but  as  it  was  wanted  to  mak^  the  instrument 
of  more  general  use,  and  frequently  to  connect  it  with  an 
electrical  noachine,  a  battery,  or  a  large  body,  no  mode  of 
connection  offered  itself  which  would  not  have  been  more 
foulty  in  thb  respect     The  neatest  and  most  compendious 
form  would  have  been  to  attach  the  axis  FI  to  C,  and  to 
make  CA  and  CB  stiff  metalline  ¥nires,  in  the  same  manner 
.as  Mr.  Brod^s^s  electrometer  is  made.     But  as  the  whole 
of  their  lengths  would  have  acted,  this  construction  would 
have  been  very  improper  in  the  investigation  of  the  law  of 
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electric  repulsion.  As  it  now  stands,  ire  imagine  that  it  ll 
consictcTalilo  advantagis  nver  Mr.  Bmokes's  cunstruitioDk 
and  alxo  over  Mr.  De  Lues  comparable  electro  meter,  d^ 
scribed  in  his  Essays  on  Meteorology.  It  has  even  advao- 
tagen  over  Mr.  Coulomb's  incomparably  more  delicate  eleo- 
trometer,  whith  is  sensible,  and  can  measure  repulsions  which 
do  not  exuee<i  the  50,00()  of  a  grain ;  for  the  instrument 
which  we  have  described  will  measure  the  allracliuru  of  the 
oppositely  electrified  bodies ;  a  thing  which  Mr.  Coulomb 
could  not  do  without  a  great  circuit  of  experiments.  For 
instead  of  making  the  hull  B  above  A,  by  incUning  the  in- 
strument to  the  right  hand,  we  may  incline  it  to  the  left; 
and  then,  by  electrifying  one  of  the  balls  positively,  ani)  the 
other  negatively,  when  at  a  great  distance  from  each  other, 
their  mutual  attraction  uill  cause  them  to  approach;  CB 
will  deviate  from  the  vertical  toward  A ;  and  we  can  com- 
pute the  force  by  means  of  this  dci'mtion. 

We  niuBt  remind  the  person  who  would  make  observa- 
tions with  this  inatrunient,  that  every  part  of  it  must  be  se- 
cured against  dissipation  as  much  as  posable,  by  varnishing 
all  lis  parts,  by  having  all  angles,  points,  and  roughnesses 
removed,  and  by  choosing  a  dry  state  of  the  air,  and  a  warm 
room;  and,  because  it  is  impjssible  to  prevent  dissipation 
altogether,  we  must  make  a  previous  course  of  experiments, 
in  a  variety  of  circumstances,  in  order  to  determine  the  di- 
minuiion  per  minute  corresponding  to  the  circumstances  of 
the  experiments  that  are  to  be  made  with  furtiter  views. 

We  trust  that  the  reader  will  accept  of  this  particular 
aci^iiuni  of  an  instrument  which  promises  to  be  of  con^eN 
able  service  to  the  curious  naturalist ;  and  we  now  proceed 
witj)  an  account  of  the  conclusions  which  liavc  been  drains 
from  observations  made  with  it. 

Here  we  coulil  give  a  pariicular  narration  of  some  of  tV^ 
experiments,  and  the  computations  made  from  Iheni :  b\^^ 


<ufficc&  - 


we  omit  this,  because  it  is  really  unnecessary. 

say,  that  the  wiitei  has  made  many  hundreds,  with  ditk*^ 
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ftnt  instruments,  of  different  sizes,  some  of  them  with  balls 
of  an  inch  diameter,  and  radii  of  18  inches.  Their  OHnci- 
dence  with  each  other  was  far  beyond  his  expectation,  and 
he  has  not  one  in  his  notes  which  deviate  from  the  mediani 
i  of  the  whole  force,  and  but  few  that  have  deviated  tV 
The  deviations  were  as  frequently  in  excess  as  in  defect 
His  custom  was  to  measure  all  the  forces  by  a  linear  8cale» 
and  express  them  by  straight  lines  erected  as  ordinates  to  m 
base,  on  which  he  set  off  the  distluices* from  a  fixed  point; 
he  then  drew  the  most  regular  curve  that  he  could  through 
the  summits  of  these  ordinates.  This  method  shews,  in  tfat 
most  palpable  manner,  the  coinddenoe  or  irregularity  of  tfat 
experiments. 

86.  The  result  of  the  whole  was,  that  the  mutual  repulsioii 
of  two  spheres,  electrified  positively  or  negatively,  was  very 
nearly  in  the  inverse  proportion  of  the  squares  of  the  dis- 
tances of  their  centres,  or  rather  in  a  proportion  somewhat 

I 
greater,  approiu;hing  to  j^ '  o6.     }fo  difference  wasobservi^ 

although  one  of  the  spheres  waa  much  larger  than  theothi^^ 
and  this  circumstance  enables  us  to  make  a  oonsidemMetiii* 
provement  on  the  electrometer.  Let  the  ball  A  be  made 
an  inch  in  diameter,  while  B  is  but  4  cf  an  inch.  This 
greatly  diminishes  the  proportion  of  the  urrepilar  actions  of 
the  rest  of  the  apparatus  to  the  whole  force,  and  also  dimi* 
pishes  the  dissipation  when  the  general  intensity  is  the 
same. 

87.  When  the  experiments  were  repeated  with  baits  having 
opposite  electricities,  and  which  therefore  attracted  each 
other,  the  results  were  not  altogether  so  regular,  and  a  few 
irregularities  amounted  to  i  of  the  whole ;  but  these  anoma^ 
lies  were  as  often  on  one  side  of  the  medium  as  on  the  other. 
This  series  of  experiments  gave  a  result  which  deviated  as 
little  as  the  former  (or  rather  less)  from  the  inverse  duplicate 
ratio  of  th^  distances ;  but  the  deviation  was  in  defect  as 
the  other  was  in  excess. 
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Wc  theref<we  think  tbat  h  may  be  coududed,  that  th« 
action  between  two  spheres  is  cicacily  in  the  inverse  cliipUoUe 
ratio  of  the  distance  of  their  centres,  and  that  this  difference 
between  the  observed  attractions  and  repulsions  is  owing 
to  some  unperccived  cause  in  the  form  of  Uie  experiment. 

88.  It  must  be  observed  also,  that  the  attractions  and  repul- 
sions, with  the  same  density  and  the  same  distances,  were, 
to  all  sense,  equal,  except  in  the  foremenlioned  anomalous 
experiments.  The  mathematical  reader  will  see,  that  the 
above-mentioned  irregularities  are  imperfections  of  experi- 
ment, and  that  the  gradations  of  this  function  of  the  dis- 
tances  are  too  great  to  be  much  affected  by  such  small  ano. 
moiies.  The  indication  of  the  law  is  precise  ciioug;h  to 
make  it  worth  while  to  adopt  it,  in  the  mean  time,  as  a  hypo- 
thetis,  and  then  to  select,  with  judgment,  some  legitimate 
consequences  which  will  admit  of  an  exact  comparison  trilh 
experiment,  on  so  large  a  scale,  that  the  unavoidable  errors 
of  observation  shall  bear  but  an  insigiiilicant  proportion  to 
the  whole  quantity.  Wc  shall  attempt  this:  and  it  is 
peculiarly  fortunate,  that  this  observed  law  of  action  be- 
tween two  spheres  gives  the  most  easy  access  to  the  law  of 
action  between  the  particles  wtiich  compose  them ;  for  Sir 
Isaac  Newton  has  demonslrateil  (and  it  is  one  of  his  most 
precious  theorems,)  that  if  the  parlicJcs  of  matter  act  on  each 
other  with  a  force  which  varies  in  the  inverse  duplicati! 
ratio  of  the  dislances,  then  spheres,  consisting  of  such  r 
tides,  and  of  equal  density  at  equal  ilistunces  fromthed 
tre,  also  act  on  each  other  with  I'orees  varying  in  the  ■ 
proportion  of  the  distances  of  tlieir  centres.  He  deM 
strales  the  same  thing  of  hollow  sphencal  sliells.  ItJ\ 
monstrates  that  they  act  on  each  oilier  with  the  same  i 
as  if  all  (heir  matter  were  collected  in  their  centres, 
lastly,  he  demonstrates  that  if  the  law  of  action  between  fl 
particles  be  different  from  this,  the  sensible  action  of  sjih^ 
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m  6[  hollow  qfdierical  shells,  will  also  be  difierettt  (see  PHi^ 
eqpta,  I.  Prop.  74.) 

89.  Therefore  we  may  conclude,  that  the  law  of  electric  ai» 
tracUon  and  repulsion  is  similar  to  that  of  grmyitation,  and 
that  each  of  those  forces  diminishes  in  the  same  proportkm 
thajt  the  square  of  the  distance  between  the  particles  increases. 
We  have  obtained  much  useful  information  from  this  dis- 
covery. We  have  now  full  confirmataim  of  the  propomUoaa 
concerning  the  mutual  action  of  two  bodies,  eedi  oveiu 
charged  at  one  end  and  undercharged  at  the  other.  Their 
evidence  before  given  amounted  only  to  a  reasonable  pn^ 
bability ;  but  we  now  see^  that  the  curve  line,  whose  oidi- 
nates  represent  the  forces,  is  really  convex  to  the  abscissiy 
and  that  Z  +z'  u  always  greater  than  Z'  +m;  from  wfai^ 
circumstance  all  the  rest  foUows  of  course. 

90.  Let  us  now  inquire  into  the  manner  in  which  the  ra^ 
dundant  fluid,  or  redundant  matter,  is  distributed  in  bodies  t 
the  proportion  in  which  it  subsists  in  bodies  communicating 
with  each  other ;  the  tendencies  to  escape ;  the  forces  whidi 
produce  a  transference,  &e.  &c 

In  the  course  of  this  inquiry,  a  continual  reforence  will 
be  made  to  the  fcdlowing  elementary  proposition : 

91 .  Let  ABD  (fig.  17.)  be  the  base  of  a  cone  or  pyramid, 
whose  vertex  is  P,  and  axis  PC  ;  and  let  a  &  d  be  another 
section  of  it  by  a  plane  parallel  to  the  base ;  let  these  two 
drcles,  or  similar  polygons,  consist  of  matter  or  fluid  of  equal 
and  uniform  density ;  and  let  P  be  a  particle  of  fluid  or 
matter ;  the  attraction  or  repulsion  of  this  particle  for  the 
whole  matter  or  fluid  in  the  figure  ABD  is  equal  to  its  at- 
traction or  repulsion  for  the  whole  matter  or  fluid  in  a  &  dL 
For  the  attraction  for  a  particle  in  ABD  is  to  the  attraction 
for  a  particle  similarly  pjaoed  in  a  i  d  as  Pc^  to  PC^ ;  and  the 
number  of  particles  in  ABD  is  to  that  of  those  in  a  i  d  as 
PC  2  to  P  c« ;  therefore  the  whole  attraction  for  ABD  is  to 
that  for  a&das  Pc»  X  PC*  to  PC*  X  Pc*,  or  in  the  ratio 
of  equality. 
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Cor.  1.  The  same  will  be  true  of  the  action  of  plates  of 
equal  thickness  and  equal  density ;  or,  in  general,  having 
such  thickness  and  density  as  to  contain  quantities  of  matter 
or  fluid  proportional  to  their  areas. 

2.  The  action  of  all  such  sections  made  by  parallel  planes, 
or  by  planes  equally  inclined  to  their  axis,  are  equal. 

3.  The  tendency  of  a  particle  P  to  a  plane,  or  plate  of 
uniform  thickness  and  denaty^  and  infinitely  extended,  or 
to  a  portion  of  it  bounded  by  the  same  pyramid,  is  the  same, 
at  whatever  distance  it  be  placed  from  the  plate,  and  it  i^ 
always  perpendicular  to  it. 

4.  This  tendency  is  proportional  to  the  density  and  thicks 
ness  of  the  plate  or  plates  jointly. 

It  is  only  in  two  or  three  sim[Je  cases  that  we  can  pro- 
pose  to  state  with  precision  what  will  be  the  disposition  and 
action  of  the  electric  fluid  in  bodies ;  but  we  shall  select  those 
that  are  most  instructive,  and  connected  with  the  most  re* 
inarkable  and  important  phenomena. 

92.  Let  A  a  d  D  (fig.  18.)  and  £  f  A  H  represent  the  sections 
of  a  part  of  two  infinitely  extended  parallel  plates  (which  we 
shall  call  A  and  £),  consisting  of  solid  conducting  matter^ 
in  which  the  electric  fluid  can  move  without  any  obstructioHy' 
but  from  which  it  cannot  escape. 

Firsts  Let  them  be  both  overcharged,  A  containing  the 
quantity  r  of  redundant  fluid,  and  £  containing  the  quan* 
tity  Sy  and  let  r  be  greater  than  s. 

The  fluid  will  be  disposed  in  the  following  manner : 

1,  There  will  be  two  strata,  AabW  and  G  ^  A  H,  ad- 

joining  to  the  remote  surfaces,  in  each  of  which  the  quaii« 

r  +a     .  .  • 

tity  ~~9~  ^^  ^  crowded  together  as  close  as  possible. 

2.  Adjoining  to  the  interior  surface  (that  is,  the  surface 
nearest  to  E)  of  the  plate  A,  there  will  Ih> a  stratum  CcdT\ 

couUuning  the  quantity  -  q  "  crowdeJ  together. 
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S.  The  adjacent  side  of  £  will  have  a  Btratum  E  e  /  F, 

just  sufficient  for  containing  the  quantity  —g— at  its  natural 

density.     This  stratum  will  be  entirely  exhausted  pf  fluid. 

4.  The  spaces  B  i  c  C  and  Ffg  G  will  be  in  their  natu- 
ral  state. 

For  a  particle  of  fluid  in  the  space  B  &  c  C  is  urged  in 

r  +  * 
the  direction  a  d  by  the  force  —5 —  (§  91,  3.)  and  in  the 

r— — s 
direction  Ja  by  the  force  —5—,  therefore  it  is,  on  the  whole^ 

urged  in  the  direction  a  d  with  the  force  5,  which  will  ba- 
lance the.  repulsion  of  the  redundant  fluid  in  the  other  plate, 
A  particle  of  fluid  in  the  space  F^g"  G  is  repelled  in  the 

r +  * 
direction  A  e  by  a  force     q     '^y  ^^^  ^^^^  in  G  g*  A  H,  and 

it  is  attracted  in  the  same  direction  by  the  redundant  matter 

r  —  * 
in  E  e/F,  with  the  force     q  ""  ■      These  make  a  force  r 

which  balances  the  repulsion  r  of  the  other  plate.  No  other 
disposition  will  be  permanent ;  for  if  a  particle  be  taken  out 
from  either  stratum  A'aABorCcd  D  into  the  space  be- 
tween them,  the  repulsion  irom  that  stratum  which  it  quitted 
is  lessened,  and  the  repulsion  of  the  opposite  stratum,  joined 
to  that  of  the  other  plate,  will  drive  it  back  again.  The 
same  thing  holds  with  respect  to  the  fluid  in  the  other 
plate. 

03.  Ccr,  1.  If  the  two  plates  be  equally  overcharged,  all  the 
redundant  fluid  will  be  crowded  on  the  remote  surfaces,  and 
the  adjacent  surfaces  will  be  in  the  natural  state. 

94.  In  the  second  place,  let  the  plates  be  undercharged, 
and  let  r  be  the  fluid  wanting  in  A,  and  s  the  fluid  wanting 
in  E,  and  kt  s  be'greater  than  r ;  then, 

1.  The  Strata  adjoining  to  A  a  and  H  h  will  be  com- 
pletely exhausted. of  fluid,  and  the  redundant  matter  in  each 

r  +  # 
will  be  such  aa  would  be  saturated  by  — g— 
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2.    Tlie  stratum  C  c  d  D  will  cont^n  rei^uiu 


a   The  stratum  E  e  /F  will  be  deprived  of  fluid, 
the  quantity  abstracted  is  — 5—. 

*.  The  spaces  B  be  C  and  F  fg  G  are  in  the  nataral 
state. 

The  demonstration  is  the  same  as  in  the  former  case. 

95.  Thirdly,  Let  A  be  overcharged,  and  E  undercharged, 
Acontaining  the  redundant  fluid  r,andE  wanting  the  fluids; 
and  let  r  be  greater  than  t.     Then, 

1.    The  strata  A  b  A  B  and  G  g  hH  contain  1 


dundant  fluid  - 


',  crowded  dose. 


1 

QtS  If^M 


S.  The  stratum  C  c  d  O  contains  the  quantity 
crowded  close. 

3.  The  stratum  Ee/Fis  exhausted,  and  wants 

r+s 
quantity  ~  a'- 

4.  The  rest  is  in  the  natural  state. 

96.  Cor. 2.  If  the  redundantfluidia  A  be  just  sufficient  to 
saturate  the  redundant  matter  in  E,  the  two  remote  sur- 
faces will  be  in  their  natural  state,  all  the  redundant  fluid  lO 
A  being  crowded  into  the  stratum  CcdD,  and  all  the  redun- 
dant matter  being  in  E  efT. 

This  disposition  will  be  the  same,  whatever  is  the  dista 
or  thickness  of  the  plates,  unless  the  redundant  fluid  l 
be  more  than  can  be  contained  in  the  whole  of  E  ^ 
crowded  close. 
97.  When  the  two  pistes  are  overcharged,  the  fluid  pret 

their  remote  surfaces  with  the  force  — r— >  and  would  e. 

i 

with  that  force  if  a  passage  were  opened.     It  would  c 
the  remote  surfaces  of  two  undercharged  plates  with  1 
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■ 

same  force ;  and,  in  either  case,  it  would  run  (rom  the  inner 

surface  of  one  to  the  adjacent  surface  of  the  other,  with  the 
a 

force 


4  • 

If  one  be  overcharged  and  the  other  undercharged,  fluid 

would  escape  from  the  remote  surface  with  the  force  — -_9 

4 

and  would  run  through  a  canal  between  them  with  the  force 

f 

r  +  s 

They  repel  or  attract  each  other  with  the  force  r  +m  ^ 
according  as  they  are  both  over  or  undercharged,  or  as  one 
ia  overcharged  and  the  other  undercharged. 

This  example  of  parallel  plates^  infinitely  extended,  is 
the  simplest  that  can  be  supposed.  But  it  cannot  obtain 
under  our  observation;  and  in  all  cases  whidi  we  can  observe, 
the  fluid  cannot  be  uniformly  spread  in  any  stratum,  but 
must  be  denser  near  the  edges,  or  near  the  centre,  as  they 
are  overcharged  or  undercharged. 

98.  Let  ABD  (fig.  10.)  represent  a  sphere  of  perfectly  con- 
ducting matter,  overcharged  with  electric  fluid,  whidi  is  per- 
fectly moveable  in  its  pores,  but  cannot  escape  from  the 
sphere.  Let  it  be  surrounded  by  ccmducting  matter  satur- 
ated with  moveable  fluid.  It  is  required  to  determine  the 
disposition  of  the  fluid  within  and  without  this  sphere. 

Sir  Isaac  Newton  has  demonstrated  {Princ*  I.  70.)  that  a 
particle  J9,  placed  anywhere  within  this  q[ihere,  is  not  afiected 
by  any  matter  that  is  without  the  concentric  sph^cal  sur- 
&oep  9  r  in  wUch  itself  is  situated,  therefore  not  affSected  by 
what  is  between  the  surfaces  ABD  and  pqr.  He  also  de- 
monstrates, that  the  matter  within  the  surface  |»  q  r  acts  on 
the  particle  ji  in  the  same  manner  as  if  the  whole  of  it  were 
collected  in  the  centre  C. 

Hence  it  follows,  that  the  redundant  fluid  will  be  all  con- 
stipated as  close  as  possible  within  the  external  surface  of  the 
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^here,  forming  a  shell  of  a  certain  minute  thickness,  be^ 
tween  the  spherical  surfaces  ABD.and  a  b  d;  and  ail  tfast 
is  within  this  (that  is,  nearer  the  centre  C,)  will  be  in  Its 
natural  state. 

With  respect  to  the  distribution  of  the  fluid  in  the  sur- 
rounding matter,  which  we  suppose  to  be  infimtely  extended^ 
we  must  recollect  that  this  shell  of  constipated  redundant 
fluid  repels  any  external  particle  of  fluid  in  the  same  manner 
as  if  all  were  collected  at  C.  Hence  it  is  evident,  that  the 
fluid  in  the  surrounding  matter  will  be  repelled,  and,  being 
BKnreable,  it  will  recede  from  this  centre ;  and  there  will  be 
a  space  all  round  the  sphere  ABD  which  is  undercharged, 
ferming  a  shell  between  the  concentric  surfaces  ABD  and 
m  fiy  This  shell  will  contain  such  a  quantity  of  redundant 
matter,  that  its  attraction  for  a  particle  of  fluid  b  equal  to 
the  repulsion  of  the  shell  of  fluid  cniwded  internally  on  the 
surface  ABD.  All  beyond  this  surface  mfi^  will  be  in  its  na(- 
taral  state ;  for  this  redundant  matter  acts  on  a  particle  of 
fluid,  fituated  farther  from  the  centre,  in  the  same  manner 
as  if  all  this  redundant  matter  were  collected  in  the  centre 
C.  So  does  the  redundant  fluid  in  the  constipated  shell. 
Therefore  their  actions  balance  each  other,  and  there  is  no 
ibrce  exerted  on  any  particle  of  fluid  beyond  this  deficfedC 
shell.  This  defident  shell  will  not  aflect  the  fliud  in  the 
sphere  a  ft  d  by  Newton^s  demonstration.  No  other  dispa> 
ntion  will  be  permanent  But  farther :  This  undercharged 
shell  must  be  completely  exhausted :  for  a  particle  cf  fluid 
placed  between  ABD  and  «/3l  will  be  more  repelled  by 
the  fluid  in  the  crowded  shell  within  the  surface  ABD,  thsn 
it  is  attracted  by  the  redundant  matter  of  its  own  shell  that 
is  less  remote  from  the  centre ;  and  it  is  not  afiected  by  what 
is  more  remote  from  the  centre.  Therefore  the  fluid  without 
the  sphere  ABD  cannot  be  in  equilibrio,  unless  the  shell  be- 
tween ABD  and  «  /i )  be  not  only  rarefied,  but  altogethca^ 
exhausted  of  fluid. 
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lEe  sphere  be  undercharged,  the  space  between  ABD 
and  abd  will  be  entirely  exhausted  of  fluid,  and  there  will 
be  a  shell  mffi  of  redundant  matter  surrounding  the  sphere. 
All  within  ahd,  and  all  without  a$i,  will  be  in  its  natural 
state.  It  is  unnecessary  to  repeat  the  >teps  of  the  same  de- 
monstration. 

This  valuable  proposition  is  by  the  Hon.  Mr.  Cavendish. 

99.  This  would  be  the  disposition  in  and  about  a  glass 
globe  tilled  and  surrounded  with  an  ocean  of  water,  and 
having  redundant  fluid  within  it,  on  the  supposition  that 
glass  is  impervious  to  the  electric  fluid.  But  it  would  not 
aflect  an  electrometer,  even  supposing  that  the  moveoieats 
of  the  electrometer  could  be  effected  under  water.  Suppose 
the  globe  of  water  to  be  surrounded  with  air,  and  that  the 
fluid  is  disposed  in  both  in  the  manner  here  described ;  it 
will  be  perfectly  neutral  in  its  action  on  any  electrometer  si- 
tuated in  the  air.  But,  by  reason  of  the  almost  total  im- 
mability  of  the  fluid  in  pure  dry  air,  this  stale  cannot  soon 
obtain ;  and,  till  it  obtain,  the  constipated  shell  within  the 
glass  must  repel  the  fluid  in  an  electrometer  more  than  the 
partially  rarefied  shell  of  air,  which  surrounds  tlie  gla»,  aU 
tracts  it.  By  the  gradual  retiring  of  the  fluid  in  the  suN 
rounding  air  from  the  globe,  the  attraction  of  the  deserted 
matter  will  come  nearer  to  equality  with  the  repulsion  of 
the  constipated  shell  withm  the  glass,  and  the  globe  will  ap- 
pear to  have  lost  fluid.  Vet  it  mav  retain  all  the  redun- 
dant fluid  which  it  had  at  the  first.  Therefore  we  are  not 
lo  imagine  that  a  body  similar  to  this  globe  has  no  redun- 
dant electric  fluid,  or  only  a  small  quantity,  because  we  ob* 
aerve  it  inactive,  or  nearly  so. 

100.  Thus  we  see,  as  we  proceed,  that  the  ^pinian  theo- 
ry is  adequate  to  the  explanation  of  the  phenomena.  But 
we  see  it  much  more  remarkably  in  a  very  familiar  and 
amusing  experimeni,  usually  called  the  elggtkic  well. 
See  Electkicity,  Encycl.  Sect.  x.  4. 

VOL.  IV.  s 


tbape,  with  a 


B  it  in  pGifectioB,  nMk«  a  gbn  vBOfl  of  | 


atfHitlt,  mfieieBtly  ndca  h 


Admit  ui  dectnxneter  wapemfad  to  tbe  end  of  ■ 
of  I  croaked  foas,  lo  that  tbc  elcctnxiieter  can  b 
•d  to  May  p«n  of  the  inside.  Smear  tiie  outside  d 
with  socoe  tran^iareot  cUmmy  fluid,  fcuch  as  bt 
it  OD  an  insulatiog  sUnd  (a  wine  gliM),  and  decttity  it  po- 
■tiral;.  Hold  tbe  deBUomttXa  oear  it,  anj  where  without, 
end  it  will  be  euvmg\y  affected.  Ila  deTiabaaa  from  the 
perpeodicuiar  ('tf  ^e  ball  of  the  cJeotnmeter  baa  also  been 
dectrrfied)  will  indicate  a  tbFoeiin<enetj  as  die  square  of  the 
distance  from  the  centre  of  tbe  globe,  prettv  cxactiy>  >f  tbe 
thread  of  the  electrcmeter  is  of  silk.  Now  let  dowa  the 
eJectrometer  into  the  inade  of  tbe  globe.  It  will  not  be  af- 
fected in  anj  leiuiUe  degree,  nor  approacb  or  avoid  any 
body  that  b  lying  within  tbe  globe;  The  electrotneter  may 
be  held  in  all  parts  of  tbe  gitAte,  and  when  brought  out 
again,  is  perfecdy  inactive  and  neutral.  But  if  tbe  balls  of 
tbe  electronieter  be  touched  with  a  wire,  while  bulging  free 
within  tbe  globe,  they  will,  on  withdrawing  tbe  wire,  repel 
each  other;  and  when  taken  out,  they  will  be  found  nega> 
ti*dy  electrified.  The  experiment  succeeds  as  well  with  a 
netal  globe;  luty,  even  although  the  mouth  be  pretty  wide; 
in  wbicbcase,  there  is  not  a  perfect  balance  of  action  in  every 
direcboB.  The  electrometer  may  be  made  to  toudi  tbe  bot- 
ton  of  the  globe,  or  any  where  not  too  near  the  mouth, 
irithout  acquiring  any  sen^ble  dectricity ;  but  if  we  touch 
the  outside  with  tbe  electrometer,  it  will  instantly  be  eleo< 
trified  and  strangly  repelled.  Deep  cylinders,  and  all  round 
vessels  with  narrow  mouths,  exhibit  the  same  faintness  of 
electricity  witliin,  except  near  tlie  brims,  although  titrangly 
electric  without;  and  even  open  metal  cups  have  the  iat» 
rior  electricity  much  diminished. 

lOl.  Reflecting  on  this  valuable  proposition  of  Mr.  Ca> 
Q  overelu 


e  clearly  why  a 


rcharged  e 


supErfidally  so ;  and  that  thia  will  be  the  case  even  a 
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we  stteiBpt  to  accumulate  a  great  quantit^r  of  electricity  m 
it,  by  melting  it  in  a  thin  gloss  globe,  and  electrifying  H 
while  liquid,  and  keeping  up  the  accumulating  force  till  it 
becomes  quite  cold.  The  present  writer,  not  having  consU 
deredthe  subject  with  that  judicious  accuracy  that  Mr.  Co- 
vendJsh  exerted,  had  hopes  of  producing  a  powerful  and 
perniaueni  electric  iu  tliis  way,  and  was  mortified  and  puz- 
zled by  the  disappoiatraeut,  till  he  saw  his  mistake  on  read- 
ing Mr.  Cavendish's  dissertation. 

These  observations  also  point  out  a  thing  which  should 
be  attended  to  in  our  experiments  for  discovering  the  eleo 
tricity  excited  id  the  spontaneous  operations  of  nature,  M 
in  chemical  composition  and  decomposition,  congelation,  fu- 
sion, evaporation,  &c.  It  has  been  usual  to  put  the  sub> 
stances  into  glass,  or  other  non-conducting  vessels,  at  into 
vessels  which  conduct  very  imperfectly.  In  this  last  cue 
especially,  the  very  fmnt  electricity  which  is  produced,  in- 
Btantly  forms  a  compensation  to  itself  in  the  substance  of  tb» 
vessel,  and  the  apparatus  becomes  almost  neutral,  altlioogh 
there  may  have  been  a  great  deal  of  electricity  excited.  It 
will  be  pn^r  to  consider,  whether  the  nature  of  the  expe- 
riment will  admit  of  metalline  vessels.  In  the  experimenlB 
on  metalline  solutions,  the  best  method  seems  to  be,  to  make 
the  vessel  itself  the  substance  that  is  to  be  dissolved. 

lOS.  For  similar  reasons  we  may  collect,  without  a  mot* 
minute  examination,  that  bodies  of  all  shapes,  when  ovei^ 
charged,  will  have  the  redundant  fluid  much  denser  near 
the  surface  than  in  the  interior  parts ;  and  denser  in  all  ele- 
vations, bumps,  projections,  angles,  and  near  the  ends  of  ob- 
long bodies  ;  and  that,  in  general,  the  quantity  of  redundant 
fluid  or  redundant  matter,  will  be  much  more  nearly  pro- 
portional to  the  surfaces  of  bodies  than  to  their  quantities 
of  matter.  All  this  is  fully  proved  by  experifnce.  The  ex- 
periment ol'  the  electrified  chain  is  a  very  beautiful  one.  Lay 
along  metal  chain  in  an  insulated meial  dish  furnislied  with 
an  electrometer.  Let  one  end  be  held  an  inch  or  two  above 
S 


I 
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the  coil  by  a  silk  thread.  Electrify  the  whole,  and  c 
the  divergency  of  the  electrometer ;  then,  gradually  draw- 
ing up  the  chain  from  the  coil,  the  electrometer  will  gra- 
dually fall  lower,  nnd  lowering  the  chain  again  will  gradual- 
ly raise  it. 

103.  We  now  see  with  how  little  reason  Lord  Mahon 
concluded  that  the  point  of  his  conductor,  observed  to  be 
neutral,  corresponded  with  his  theory;  namely,  one  of  the 
media  of  a  harmonic  division.  We  see  no  reason  for  begin- 
ning the  computation  at  the  extremity  of  the  prime  con- 
ductor. It  certainly  should  not  have  been  from  the  extre- 
mity. Had  the  prime  conductor  been  a  single  globe,  it 
should  have  begun  from  the  centre  of  this  globe.  If  it  was 
of  the  usual  form,  with  nn  outstanding  wire,  terminated  by 
a  large  ball,  the  aclion  of  the  body  of  the  conductor  should 
certainly  have  been  taken  into  the  account.  In  short,  almost 
any  point  of  the  long  conductor  might  have  been  accoinnio- 
dated  to  his  Lordship's  theory. 

104.  We  might  now  proceed  to  investigate  the  distribu- 
tion of  the  electric  fluid  in  bodies  exposed  to  the  aciion  of 
others,  and  particularly  in  the  oblong  conductors  made  use 
of  in  our  preparatory  propositions.  The  problem  is  deter- 
minate, when  the  length  and  diameter  of  cylindric  conduc- 
tors are  g^ven ;  but  even  when  the  electric  employed  for  in- 
ducing the  electricity  is  in  the  form  of  a  globe,  we  must  em- 
ploy functions  of  the  distances  that  are  pretty  complex,  and 
oblige  us  to  have  recourse  to  second  fluxions.  The  mutual 
actions  of  two  oblong  conductors,  of  considerable  diameterSf 
give  a  problem  that  will  occupy  the  first  mathematicians; 
but  which  is  quite  improper  for  this  scanty  abstract  Nor 
b  a  minute  knowledge  of  the  disposition  of  the  fluid  of  rery 
important  service.  We  may  therefore  content  ourselves 
with  a  general  representation  of  the  slate  of  the  fluid  in  the 
following  manner,  which  will  ^ve  us  a  pretty  distinct  no- 
tion how  it  will  act  in  most  cases : 
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Let  A  (fig.  SO.)  be  an  overcharged  sphere,  and  BC  a  con- 
ducting cylinJric  or  prisniBtic  body;  draw  be  parallel  to 
BC,  and  erect  perpendiculars  Hb,Cc,  P  />,  &c.  to  represent 
the  equable  density  of  the  fluid,  when  the  conductor  is  in 
its  natural  sute ;  but  let  B  </,  C  r,  P  (,  &c.  represent  the 
unequal  densities  in  its  diflerent  points,  while  in  the  vicini- 
ty of  the  overcharged  sphere.  These  ordinates  must  be 
bounded  by  a  line  (2  n  r,  which  will  cut  theline&cin  the 
point  n  of  the  perpendicular,  drawn  from  the  neutral  point 
N  of  the  conductor.  The  whole  quantity  of  fluid  in  the 
conductor  is  represented  by  the  parallelogram  BC  cb;  which 
must  therefore  be  equal  to  the  space  BC  rnd:  the  redun- 
_dant  fluid  in  any  portion  CP  or  PN  is  xeprescnled  by  the 
spaces  c  r  tp,  OT  tp  n;  and  the  redundant  matter,  or  defi- 
cient fluid,  in  any  portion  BQ,  is  represented  by  b  dv q. 
The  action  of  tliis  body  on  any  body  placed  near  it,  depends 
entirely  on  the  area  cont^ned  between  this  curve  line  and  its 
axis  b  c.  The  only  circumstance  that  we  can  ascertain  with 
respect  to  this  curve  is,  that  tht  variations  of  curvature  in 
every  point  are  proportional  to  the  forces  exerted  by  the 
sphere  A  ;  and  are  therefore  inversely  as  the  squares  of  the 
distances  from  A.  This  property  will  be  demonstrated  by 
and  bye.  The  place  of  n,  and  the  magnitude  of  the  ordi- 
nates, will  vary  as  the  diameter  of  the  conductor  varies.  We 
shall  consider  this  a  little  more  particularly  in  some  cases 
which  will  occur  afterwards.  We  may  consider  the  sim- 
plest case  that  can  occur ;  namely,  when  the  conductor  is, 
like  a  wire,  of  no  sensible  diameter,  nay,  as  containing  only 
one  row  of  jiarltcles. 

Let  AE  (fig.  21.)  be  such  a  slender  conducting  canal; 
and  let  B  6,  C  c,  E  e,  Stc.  represent  the  density  of  the  fluid 
which  occupies  il,  being  kept  in  this  state  of  inequable  den- 
sity by  the  repulsimi  for  some  overcharged  body.  A  parti- 
cle in  C  is  impelled  in  the  direction  CE  by  all  the  fluid  on 
<he  side  of  A,  and  in  the  direction  CA  by  all  the  fluid  on 
<he  side  of  E.     The  moving  force,  therefore,  arises  from 
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the  difference  of  these  repulfiions.  When  the  diameter 
of  the  canal  is  cooataDt,  ihia  arises  ooly  from  the  difier- 
ence  of  den^ty.  The  force  of  the  element  adjacent  to  E 
may  therefore  be  expressed  by  the  excess  of  H  d  above 
C  c,  and  the  action  at  the  distance  CD  jointly.  Therefore, 
drawing  e  <  ■  parallel  to  A£,  this  force  of  tlie  element  £ 

-*»  ■  ■       .       I     .. 

will  be  expressed  by^  x,  repelling  the  particle  in  the  ai- 

reclion  CA.     If  CF  be  taken  equal  to  CD,  the  force  of  the 

/*    -       /*  • 
element  at  F  will  be  expressed  by  ^ix,  or  ^t  x,  also  im- 
pelling the  particle  in  the  direction  CA.     The  joint  action 

di  4-/P  . 
of  these  two  elements  tlierefore  is  ~~^i*~x.    If  Ace  werea 

straight  line  we  should  Iiave  di  -f-y f  always  proportional  to 
c  1 ;  and  it  might  be  expressed  hy  m  xd;  m  being  a  num. 
ber  expressing  what  part  of  c  3  the  sum  ofrJSandy^  amounts 
to  (perhaps  ^th,  or  ^^th,  or  ji^plh,  &c.).  But  in  the  case 
expressed  in  the  figure,  d3  does  not  increase  so  fast  as  c), 
and  y*  increases  faster  than  c  3.  However,  in  the  imme- 
diate neighbourhood  of  any  point  C,  wc  may  express  the  ac- 
celerating force  tending  towards  A  by  — tr  «  without  say 

sensible  error;  that  is,  by  m—  that  is,  by  the  fluxion  of  the 

"^       X  ■' 

area  of  a  hyperbola  HD'G,  liaving  CC  and  CK  for  its  as- 
symptoles;  and  the  whole  action  of  the  fluid  between  F 
and  D,  on  the  particle  C,  will  be  expressed  by  the  area 
C'CDD'II.  Hence  it  follows,  that  the  action  of  the  small- 
est conceivable  portion  of  the  canal  immediately  adjoining 
to  C  OD  both  sides,  or  the  difi'erence  of  the  actions  of  the 
two  adjoining  elements,  is  equal  to  the  action  of  all  beyond 
)L  This  shews,  that  the  state  of  compression  is  hardly  af- 
fected  by  any  thing  that  is  at  a  sensible  distance  from  C; 
and  that  tlic  density  of  the  fluid,  in  an  indefinitely  sleoder 
canal,  is,  to  all  sense,  uniform.  The  geometer  will  also  sc«, 
that  the  eecojid  fluxioo  of  D  {f  is  proportional  to  the  force 
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of  tlie  distant  body.     We  Iram,  therefore,  «>  much  of  the 
nature  of  the  curTe  b  c  e. — (CoiitombJ, 

We  are  now  in  a  condition  to  examine  the  communicatioQ 
of  electricity  by  means  of  conducting  canals  (which  is  one 
of  the  moHt  important  articles  of  the  study),  having  found 
that  the  fluid,  in  a  very  slender  canal,  is  very  nearly  of  uni- 
form density  throughout. 

106,  There  can  be  no  doubt  but  that,  if  a  body  B  (fig.  33.) 
be  overcharged  or  undercharged,  any  other  body  C,  which 
communicates  with  it  by  a  conducting  canal,  will  also  be 
overcharged  or  undercharged.  It  is  as  evident,  that  if  B 
twdy,  in  any  state  of  electricity,  be  in  the  neighbourhood  of 
on  overcharged  or  undercharged  body  A,  wliile  it  commu- 
nicates with  C  by  a  canal  leading  from  the  side  most  remote 
from  A,  fluid  will  be  driven  frcmi  B  into  C,  or  abetracted 
from  C  into  B. 

107.  It  is  not,  however,  so  clear,  that  when  the  canal 
leads  from  the  side  nearest  to  A  (as  in  fig-  33.),  fluid  will 
be  driven  from  B  into  C.  We  conceive  tlie  fluid  to  be  move- 
able  in  the  body  and  in  this  canal,  but  not  to  escape  from 
it  Its  motion,  thcreforo,  in  this  case,  should,  in  the  opinicn 
of  Mr.  Cavendish,  reaemble  the  nmning  of  water  in  a  sy. 
phon  by  the  pressure  of  the  lur.  While  the  repulsion  of 
the  redundant  fluid  in  A  allows  the  bend  of  the  syphon  near- 
est to  A  to  retain  fluid,  a  current  should  take  place  from  B 
along  the  short  leg,  in  consequence  of  the  superior  action  oa 
the  fluid  in  ihe  long  leg.  But  if  the  repulsion  of  A  can 
drive  the  fluid  out  of  the  bend  between  B  and  F,  Mr.  Ct^ 
vendifih  thinks,  that  it  does  not  appear  that  fluid  will  come 
up  from  B  in  opposition  to  the  repulsion  of  A,  and  then  run 
along  to  D.  But  fluid  does  not  move,  in  either  of  tbeae 
cases,  on  the  principle  of  a  syphon ;  because  there  is  nothing 
to  hinder  the  fluid  from  expanding  in  the  port  EDF.  And 
we  are  rather  disposed  to  think,  that  it  will  always  move 
from  B,  over  the  bend,  to  C  ;  For  even  if  the  fluid  can  be 
completely  driven  out  of  the  bend  £F,  it  must  be  done  by 
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decrees,  and  the  fluid  in  the  long  leg  will,  from  the  very  bo- 
ginning  of  tile  action  of  A,  be  more  moved  from  its  place 
than  that  in  the  short  leg ;  and  therefore  will  yield  to  th« 
compression,  which  acta  transversely,  and,  by  thus  yielding 
more  toward  F  than  toward  E,  the  fluid  will  rush  through 
the  contracted  part,  and  go  into  C.  We  do  not  say  thic 
with  full  confidence ;  but  are  thus  particular,  on  account  of 
an  important  use  that  may  be  made  of  the  experiment.  For 
if  the  Body  A  be  undercharged,  fluid  will  certainly  be  aU 
tracied  from  C,  and  pass  over  the  bend  into  B,  however 
great  the  action  of  A  may  be.  Perhap  this  may  be  so  con- 
trived, therefore,  as  to  decide  the  long  agitated  quesUoa, 
IV/ietker  (he  eleclrictty  of  excited  glaat  be  plui  or  mtntuf  If 
it  be  found  that  this  apparatus,  being  presented  to  the  rub. 
ber  of  an  electrical  machine,  diminishes  the  positive  electri- 
ty  of  C,  and  increases  that  of  B ;  but  that,  presenting  the 
same  apparatus  to  the  prime  conductor,  makes  httle  change 
■^we  may  conclude,  that  the  electricity  of  the  prime  con- 
ductor is  positive.  We  have  tried  the  experiment,  paying 
attention  to  every  circumstance  that  seemed  likely  to  insart 
success ;  but  we  have  always  found  hitherto,  that  the 
ratus  was  equally  affected  by  both  electricities. 

We  must  now  consider  the  action  of  electrified  bodie*: 
the  canals  of  communication ;  because  this  will  give  us  tbt 
ea^est  method  of  ascertaining  the  proportion  in  which  the 
expelling  fluid  is  distributed  between  them.  For  when  two 
bodies  communicate  by  a  canal,  and  have  attained  a  perma- 
nent state,  we  must  conceive  that  their  opposite  actions  on 
the  fluid  moveable  along  this  canal  are  in  equilibrio,  or  are 
equal.  This  will  generally  be  a  much  eauer  problem  than 
their  action  on  each  other,  since  we  have  seen  a  little  ago, 
that  the  fluid  in  a  slender  canal  is  of  uniform  density 
nearly.  A  very  few  examples  of  the  most  important  c 
simple  cases  must  suflice. 

108.  Therefore  let  AC  a  (fig.  2*.)  represent  the  edj 
ti  lh|n  oonttucting  drcitlar  plate,  to  which  the  ilender 
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CP  18  perpendicular  in  the  centre.  It  is  required  to  deter* 
iiiiBe  the  action  of  die  matter  or  fluid,  uniformly  spread  over 
this  plate,  on  the  fluid  moveable  in  the  canal  PC  ? 

109.  /*tr«e,— Required  the  action  of  a  particle  in  A  on 
the  fluid  in  the  whde  canal  ?  Join  AP ;  and  call  CP  x^ 
APy,  and  AC  r ;  and  let /express  the  intensity  of  action 
at  the  distance  1,  or  the  unit  of  the  scale  on  which  the  lines 
are  measured. 

/ 
The  action  of  A  on  P,  in  the  direction  AP,  is  "^  This 

/    * 

when  estimated  in  the  direction  CD,  is  reduced  to  -^  x  ~~; 


and  is  therefore  zzf--*^  Therefore  the  fluxion  of  the  ac- 
tion  in  the  dbection  CP,  on  the  whole  canal  is/"rr  *  "* 
/^  (because «:j^=  J? :  i)=/x  J-     The  variable  part 

of  the  fluent  is  =/  y  '  and  the  complete  fluent  is  r= 
jf  (C«-  — y,  where  C  is  a  constant  quantity, 


h-VI    HIM    I    II 


to  the  nature  of  the  case.    Now,  the  action  must  vanish 
when  the  canal  vanishes,  or  when  x = 0,  and y^r.  Ther^ 

fore  C  —  —  =0,  and  C  =  — ;  and  the  general  expresaon 

of  the  action  is/^ — —  —  I,  =r /^—-,  expressing  the  ac» 

tion  of  a  partide  in  the  circumference  of  tiie  plate  on  the 
fluid  in  the  whole  canal  CP. 

8.  JElequired  the  action  of  the  plate,  whose  diameter  is  A  ^^ 
on  the  particle  P  ? 

110.  Let  a  represent  the  area  of  a  circle,  whose  radius 

is  =  l*     Then  a  r*  is  the  area  of  tiie  plate,  and  2arr  is 

the  fluxion  of  this  area;  because  riy^y:  r^2arr  is=:3 

^yy*  Therefore  the  fluxion  of  the  action  of  the  plate  on  the 
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particIePis/x  2ayy  x  rj-'  =  2/a  «  x  ^  The  fluent 

of  this  has  for  its  variable  part  2fa  x  x  "TT"  (f^^  ^htn  the 
particle  P  is  given,  x  does  not  vary).  This  is  =  2/a  x  "^* 

To  complete  this  fluent,  we  must  add  a  copstant  quantity, 
which  sliall  make  the  fluent  =  0  when  the  particle  P  it  at  an 
infinite  distance ;   and  therefore^  when  x  =:y.    Therefore 

r^— ^=:0,orl— —  =  0,orC=  1 ;  and  the  complete  fluent 

x\ 
for  the  whole  plate  is  2/a  (1  -^--  ;• 

111.  The  meaning  of  tlus  expression  may  not  occur  to 

thereadn*:  fori  —  —  is  evidently  an  abstract  number;  ao 

is  a.    Therefore  the  expression  appears  to  have  no  reference 

to  the  size  of  the  plate.     But  this  agrees  with  the  obs^rvih 

tion  in  $  91,  where  it  was  shewn,  that  provided  the  angle  of 

the  cone  or  pyramid  remained  the  same,  the  magnitude  of 

the  base  made  no  change  in  its  attraction  or  repulsion  for  H 

particle  in  the  vertex. 

x 
It  will  appear  by  and  bye,  that  1  — — is  a  measure  or 

function  of  a  certain  angle  of  a  cone. 

Cor.  If  PC  be  very  small  in  propcurdon  to  AC,  the  action 
18  nearly  the  same  as  if  the  plate  were  infimte:   For  when 

...      * 
the  plate  is  infinite,  -  is  =  0,  and  the  action  is  =  1,  what* 

ever  is  the  distance  (see  §  91— -93).     Therefore,  when  x  is 

X 

very  small  in  comparison  of  r,  and  consequently  of^,  ^  "-^r* 

is  very  nearly  =  1. 

113.  Tkirdj  To  find  the  action  of  the  plate  on  the  whole 
column  ? 
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The  fluxion  of  thb  must  be  =  2fa  x  (1  —  "T^  «» or 

3/a(x— Ifv  or  2  fa  X  («— J^);   because  j^  =  f-?. 

The  fluent  of  this  has  for  its  variable  part  2fax(x  -— ^). 
A  constant  quantity  must  be  added,  which  shall  make  it  =  Q 
when  the  column  rr  0 ;  that  is  when^=:r,  and«=0;  that 
is,  C  — -r  =  0,  and  C  =r.  Therefore  the  complete  fluent  is 
=:9fa(x  +  r—yy 

lis.  Thus  hare  we  arrived  at  a  most  simple  expression 
of  the  attraction  or  repulsion  of  a  plate  for  such  a  column^ 
or  for  portions  of  such  a  column.  And  it  is  most  easily  con- 
Btructed  geometrically,  so  as  to  give  us  a  sensible  image  of 
this  action,  of  easy  conception  and  remembrance.  It  is  as 
follows:  Produce  PC  till  CK  =  CA,  and  about  the  centre 
P  describe  the  arch  AI,  cutting  CE  in  I.  Then  2/a  X 
IK  is  evidently  the  geometrical  expression  of  the  attraction 
er  repuluon.  This  k  plainly  a  cylinder,  whose  radius  is  a 
unit  of  the  scale,  and  whose  height  is  twice  IK. 

In  like  manner,  by  describing  the  arch  A  t  round  the  cen- 
tre pi  we  have  9fa  x  «'  K  for  the  action  of  the  plate  on  the 
smaU  column  Cp;  and  2fa  x  I  <  is  the  action  of  the  plate 
on  the  portion  Pp. 

The  general  meaning  of  the  expression  2  fa  x  IK  is^ 
that  the  action  of  the  whole  plate  on  the  column  PC  is  the 
same  as  if  Ul  the  fluid  in  the  cylinder  a  X  2  IK,  were  pl»- 
ced  at  the  distance  1  from  the  acting  particle. 

From  this  propomtion  may  be  easily  deduced  some  very 
useful  eoroUaries  by  the  help  of  the  geometrical  oonstruo- 
tion. 

1 14.  Firstf  If  PC  be  very  great  in  comparison  with  AC, 
the  action  is  nearly  the  same  as  if  the  column  were  infinitely 
extended ;  for  in  this  case  IK  is  very  nearly  =  CK,  the  dii^ 
ference  being  to  the  whole  nearly  as  AC  to  twice  AP. 

1 15.  Second,  If,  in  addition  to  this  last  condition,  another 
column  ji  C  be  very  small  in  compariaon  of  AC,  then  the 
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action  on  PC  is  to  that  oopC  very  nearly  asp  C  to  AC.  For 
it  will  appar  that  i  K  :  IK^p  C  :  AC  very  nearly.  It  is 
exatitly  so  when  CP  :  CA  =  CA  :  C p;  and  it  will  always 
be  in  a  greater  proportion  than  that  of  p  C  to  IK. 
This  will  be  found  to  he  a  very  important  observatioi 
The  redundant  fluid  has  hitherto  been  supposed  to  t 
untfurmly  spread  over  the  plate  :  but  this  cannot  be  ;  be- 
cause its  mutual  repulsion  will  cause  it  to  be  denser  near  the 
circumference.'  We  have  not  determined,  by  a  formula  of 
easj-  application,  what  will  be  the  variation  of  density.  Thcro- 
fore  let  us  consider  the  result  of  the  extreme  case,  and  sup- 
pose the  whole  redundant  fluid  to  be_ crowded  Into  the  cir- 
cumference of  tlie  plate,  as  we  saw  that  it  must  be  on  the  eui- 
face  of  a  globe. 

116.  In  this  case  the  actioo  on  the  flaid  in  the  canal  will  be 

/a  (r  —~  )•  For  the  area  of  the  plate  is  a  r»,  and  the  ac 
tion  of  a  particle  in  the  circumference  on  the  wbole  canal 
was  shewn  (§  109.)  tobe/(^^^^)-  Therefore  the  ac- 
tion of  the  whole  fluid  crowded  into  the  circumference  is 

fa  r^  X  — i^T"'  ^y^"  *■  — T — ■  ^'  ""^y  be  represented  as 
follows :  Describe  the  quadrant  C  h  BE,  cutting  AP  and 
Ap  in  B  and  b.     Draw  BD  and  6  d  parallel  to  PC.   Then 

PB  =^  —  r,  and  DC  =  r- Therefore  the  action 

is  represented  hy/multiplyingacyhnder,  whose  radius  is  I 
and  height  is  DC.  In  like  manner,  d  C  is  the  height  of  ihe 
rylindercorrespondingto  thecolumnpC,  and  Dd  the  height 
sorre«pondmg  to  Pjj. 

117.  Gor.  1.  When  CP  is  very  great  in  comparison  wittr-^ 
CA,  the  point  D  is  very  near  to  A,  and  I  is  very  near  tL,^, 
C,  and  CD  is  to  IK  nearly  in  the  ratio  of  equality.    ^^-^ 
this  case  the  action  of  the  fluid,  uniformly  spread  over  L^^ 
l^late,  is  nearly  double  of  the  ocdon  of  the  same  fluid  cr<»avd. 
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ed  round  the  circumference ;  for  they  are  as  cylinders  hav* 
ing  the  same  bases  and  heights  in  the  ratio  of  2  IE  to  DC^ 
which  is  nearly  the  ratio  of  2  to  I. 

1 18.— 2.  On  the  other  hand,  when  the  column  p  C  is  very 
short,  the  action  of  the  fluid  spread  uniformly  over  the  plate 
is  to  its  action,  when  crowded  round  the  circumference^ 
nearly  in  the  ratio  of  4  AC  to  pC.  'E'or  these  actions  are 
in  the  ratio  of  2/a  x  t  Kto  if  ax  ^C,oras2tE  todC» 
or  nearly  as  2  j?  C  to  d  C,  or  more  nearly  as  2  A  d  to  d  C.  But 
Cd:  6d  =  6d:6A  +  Ad,ornearly=:Ad:  2CA.  There, 
fore  Cd  :  2  Ad  ==  pC  :  4CA  nearly. 

119.  Hence  we  see  that  the  action  on  short  columns  is 
much  more  diminished  by  the  recess  of  the  redundant  fluid 
toward  the  circumference  than  that  on  long  columns.  There- 
fore, any  external  electric  force  which  tends  to  send  fluid 
along  this  canal,  and  from  thence  to  qpread  it  over  the  plate, 
will  send  into  the  plate  a  greater  quantity  of  fluid  than  if  the 
fluid  remained  idtimately  in  a  state  of  uniform  distribution 
over  its  surface ;  and  the  odds  will  be  greater  when  the  canal 
is  short 

120.  Lastly y  on  this  subject,  if  EL  be  taken  equal  to  AP, 
or  PL  be  equal  to  EI,  the  repulsion  which  all  the  fluid  in 
the  plate,  collected  in  E,  would  exert  on  the  fluid  in  the 
canal  CL,  is  equal  to  the  repulsion  which  the  same  fluid, 
constipated  in  the  circumference,  would  exert  on  the  column 
CP.  For  we  have  seejii  th^t  the  acUon  of  a  particle  in  A  on 
the  whole  column  PC»  when  estimated  in  the  direction  PC»  is 

■  ^   ;  and  it  is  well  known  that  the  action  of  a  particle  in 

11  11         w— r 

E  for  tiie column  CL  »  fe~EL»  ^  7  "^7'"  'y^' 

Therefore  the  action  df  the  whole  fluid,  collected  in  the  cir- 
cumference, on  the  column  CP  is  equal  to  that  of  the  samf 
fluid,  collected  m  E,  on  the  column  CL. 

121.  Cor.  1.  If  the  column  CP  is  very  long  in  proportion 
to  AC  or  EC^  the  actions  of  the  fluids  in  these  two  different 
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situations  ara  very  nearly  the  same  The  action  O 
collected  in  K  exceeds  its  actioD  when  collected  in  A  only 
by  its  action  on  the  small  and  remote  column  LP.  The  ac- 
tion of  all  the  fluid  collected  at  K  on  the  column  CP  is  easily 
had  by  taking  C  /  =  KP.  It  is  equal  to  the  action  of  the 
same  fluid  placed  in  A  on  the  column  C  /. 

123.  Cor.  a.  The  action  of  all  the  fluid  uniformly  spread, 
exerted  on  ihc  column  CP,  is  to  the  action  of  the  same  (laid 
collected  in  K,  exerted  on  the  column  CL,  as  3  IK  to  CD. 

123.  If  thecolumnCP  is  very  great  in  proportion  to  AC, 
the  half  breadth  of  the  plate,  the  action  in  the  first  case  is 
very  nearly  double  of  the  action  in  the  other  case,  and  is  ex- 
actly in  this  proportion  if  CP  is  of  infinite  extent. 

184.  Cor.  3.  If  CNO  be  a  spherical  surface  or  shell  of 
the  same  thickness  and  diameter  as  the  plate  A  a,  and  oon- 
tiuning  redundant  fluid  of  the  same  uniform  denaity,  the  ac- 
tion of  this  fluid  on  the  column  CL  is  double  of  the  action 
of  the  fluid  uniformly  spread  over  the  plate  on  the  column 
CP,  and  quadruple  of  the  action  of  the  fluid  collected  in  the 
circumference :  for  the  action  is  the  same  its  if  ail  were  col- 
lected in  the  centre  K,  and  the  surface  of  the  sphere  is  four 
times  that  of  the  plate,  and  therefore  they  ore  u  IK  to 
SCD. 

Let  us  now  consider  the  comparative  actions  of  different 
plates  or  spheres  on  the  canals. 

125.  If  two  circular  plates,  DE,(Je  (plate  II,  fig.  1.),  or  two 
spherical  shells,  ABO,  afro,  of  equal  diameters  and  thick- 
ness with  the  plates,  and  containing  redundant  fluid  of  equal 
density,  communicate  with  infinitely  extended  straight  ca- 
nals OP,  op,  passing  through  their  centres  perpendicular  to 
their  surfaces,  also  containing  fluid  uniformly  distributed 
and  of  equal  density — the  repulsions  will  be  as  the  diame- 
ters. For  the  repulsion  of  the  spherical  surfaces  is  the  8ani« 
as  if  all  the  fluid  were  collected  at  their  centres ;  and  the  r^. 
pulnon  of  the  fluid  uniformly  spread  over  the  suriaces  of  t1]e 
plates  is  double  of  its  repulsion  if  collected  at  the  ccnlre&  of 
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Cbese  spheret;  it  follows^  thai  the  repulaiotis  of  thd  plates 
sre  pvoportional  U>  tboae  of  the  spheres.  But  because  the 
rqmlsion  of  a  plate  whose  radius  is  r  was  shewn  to  be= 2a 

y^r  +  X  -— y,  and  when  the  oolumn  is  infinitely  extended, 
«  is  equal  to  jf,  and  r  +  x  ^^y  =  r,  it  follows,  that  the  re^ 
puboons  of  the  plates  are  as  2  a  X  R  and  2  a  x^yOt  pro* 
portional  to  their  diameters.  Therefore  the  repulsions  of 
the  spheres  are  in  the  same  proportion. 

126.  Cvr.  1.  If  the  canals  are  very  long  in  proportion  to 
the  diameters  of  the  plates  or  spheres,  the  repulsions  are 
nearly  in  the  same  proportion. 

127.  Cor.  2.  But  as  the  lengths  of  the  canals  diminish, 
the  repulsions  approach  to  equality;  for  it  was  shewn,  that 
when  the  canal  was  very  small,  the  repulsion  was  to  that  for 
an  infinite  column  as  the  length  of  the  canal  to  the  radius 
of  the  plate.  Therefore  if  the  radius  of  the  greater  plate 
be  (for  example)  double  of  that  of  the  smaller,  and  the  lit* 
tie  column  be  ^th  of  the  radius,  it  will  be  T^th  of  the  ra- 
dius of  the  smaller  plate.  Now  -^th  of  half  the  repuLnon 
is  equal  to  V^th  of  the  double  repulsion.  Also,  in  the  case 
of  the  spheres,  the  repuUon  of  a  pardcle  at  the  surface  is  as 
the  quantity  of  fluid  directly,  and  as  the  square  of  the  ra- 
dius inversely  ;  but  when  the  density  is  the  same  in  both 
shells,  the  quantity  is  as  the  surface,  or  as  the  square  of  the 
radius.     Therefore  the  repulsions  are  equal. 

128.  CV>r.  9.  Ifthedensity  ofthefluidin  two  spherical  shells 
be  inversely  as  the  diameters,  the  repulnons  for  an  infimte- 
ly  extended  6olumn  of  fluid  are  equal ;  for  each  repels  as  if 
all  the  fluid  was  collected  in  the  centre.  Therefore  if  the 
densi^,  and  consequently  the  quantity,  be  varied  in  any 
proportion,  the  repulaon  will  vaiy  in  the  same  proportion. 

The  vepulsioBui  will  now  beasCOK^toeeX  — »  or  in 

the  ratio  of  equality. 

129.  Cor.  4p.  When  the  quantities  of  redundant  fluid  in 
two  spherei  are  proportional  to  their  ^ameten,  theu:  repuL 
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siona  for  &d  infinitely  extended  canal  are  equal :  for  if  n 
redundant  fluid  is  constipated  in  the  surfaces  of  the  sphere^^ 
as  it  always  will  be  when  they  consist  of  conducting  matter, 
the  densities  arc  as  the  diameters  inversely,  because  the  stir* 
faces  are  as  the  squares  of  the  diameters.  Therefore,  by  the 
last  corollary,  their  actions  on  an  infinitely  extended  canal 
are  equal.  But  in  spheres  of  nonconducting  matter  it  may  be 
differently  disposed,  in  concentric  shcllfl  of  uniform  density. 
This  makes  no  change  in  the  action  on  the  fluid  that  ib  witEi- 
out  the  sphere,  because  each  shell  acts  on  it  as  if  It  were  sU 
collected  in  the  centre.  Therefore  the  repulsions  are  still 
equal. 

130.  Cor.  5.  Two  overcharged  spheres,  or  spherical  ahelk, 
OAB,  oa&  (plate  II.  fig.  2.),  communicating  by  an  infinitely 
extended  canal  of  conducting  matter,  contain  quantities  of  re- 
dundant fluid  proportional  to  their  diameters ;  for  their  ac- 
tions on  the  fluid  in  the  interjacent  canal  must  be  in  equili- 
brio,  and  therefore  equal.  This  will  be  the  case  nn\y  when 
the  quantities  of  fluid  are  in  the  proportion  of  their  diame- 
ters. 

When  the  canals  are  very  long  in  proportion  to  the  di^ 
meters  of  the  spheres,  the  proportion  of  the  quantities  of  r& 
dundant  fluid  will  not  greatly  differ  from  that  of  the  dia* 
meters. 

131.  Cor.  6.  When  the  spheres  of  conducting  matter  are 
thus  in  equilibrio,  the  pressures  of  the  fluid  on  their  surfs- 
ces  are  inversely  as  their  diameters ;  for  the  repulsion  of « 
particle  at  the  surface  is  the  same  with  the  tendency  of  that 
particle  from  the  centre  of  the  sphere,  the  actions  being  mu- 
tual. Now  this  is  proportional  to  the  quantity  of  redundant 
fluid  directly,  and  to  the  square  of  the  distance  from  the  cen- 
tre inversely,  that  is,  to  the  diameter  directly,  and  to  the 
square  of  the  diameter  inversely,  that  is,  to  the  diameter  in- 
versely. 

Hence  it  follows,  that  the  tendency  to  escape  from  the 
spheres  is  inversely  as  the  diameter,  ^  other  nrcun&tsDces 
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bnng  the  same :  for  in  as  far  as  the  escape  proceeds  from 
mere  electric  repulsion,  it  must  follow  this  proportion.  But 
there  are  evident  proofs  of  the  oo-operation  of  other  physi- 
cal causes.  We  observe  chemical  compositbns  and  decom- 
positipns  accompanying  the  escape  of  electric  fluid,  and  its 
influx  into  bodies :  we  are  ignorant  how  far,  and  in  what 
manner,  these  operations  are  afiiected  by  distance.  Boscovich 
shews  most  convincingly,  that  the  action  of  a  particle  (of 
whatever  order  of  composition),  on  extonal  atoms  and  par- 
ticles, is  surprinngly  changed  by  a  change  in  the  distance 
and  arrangement  of  its  component  atoms.  A  constipation, 
therefore,  to  a  certain  determined  degree  and  lineal  magni- 
tude^ may  be  necessary  for  giving  occasion  to  some  of  those 
diemical  operationa  that  accompany,  and  perhaps  occa^on, 
the  escape  of  the  electric  fluid.  If  this  be  the  case  (and  it 
is  demotatrabU  to  be  possible,  if  the  operations  of  Nature  be 
owing  to  attractions  and  repulsions),  the  escape  must  be  de- 
sultory.^ It  ia  actually  so ;  and  this  confirms  the  opinion. 

The.  public  is  indebted  to  Mr.  Cavendish  for  the  preced- 
ing theorems  on  the  action  of  spheres  and  circular  plates. 
Hei  has  given  than  in  a  more  abstract  and  general  form,  ap 
plioable.  tO;any  law  of  electric  action  which  experience  may 
warrant.  We  hi^ve  accommodated  them  to  the  invek5e  du- 
plicate ratio  of  the  distances,  as  a  point  sufficiently  establish- 
ed ;  and  1  we  hope  that  we  have  rendered  them  more  simple 
and  persfHfCuous.  We  have  availed  ourselves  of  Mr.  Cou* 
lomb^s  demonstration , of  the  imiforro  den^ty  in  the  canal, 
without  which  the  jtbeoreijris  could  not  have  been  demon- 
stratedrrrfCl^minttt^ quantity  of  the  fluid  in  the  canal  can 
baveiflo  fdKsible  effect  .on  th^disposition  or  proportion  of 
the  fluid  in  the  plates  or  spheres. 

.  It  may  be  thought  that  the  last  corollary,  respecting  the 
equilibrium  of  tyro  spheres,  is  not  agreeable  to  hydrostati- 
cal  prim^lef,.  which  ;requ'ure  the  equality  of  the  two  forces 
which  balance  each  other  at  the  orifices  of  the  slender  cylin- 
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dric  canal ;  whereas,  in  tliat  corollary,  the  forces  at  the  ex- 
tremities of  the  canal  ure  inversely  as  the  diameters  of  the 
spheres  or  plates.  This  would  be  a  valid  ohjeclioo,  if  the 
compressing  forces  acted  only  on  the  extremities  of  the  ca- 
nals ;  but  they  act  on  every  particle  tliroiigh  their  wh«rie 
Icnglh.  It  is  not,  therefore,  the  pressure  at  one  end  of  the 
canal  that  is  in  equilibrio  with  the  pressure  at  the  otlwr  end, 
by  the  interpoBition  of  the  fluid.  It  is  the  pressure  at  one 
end,  together  with  the  sum  of  all  the  intermediate  pressares 
in  that  direction,  thai  is  in  equihbrio  with  ail  the  prewiire 
in  the  opposite  direction.  The  pressures  at  the  ends  arc  on- 
ly parts  of  the  whole  opposite  pressures ;  they  are  thft  first 
in  each  account.  In  this  manner  a  blender  pipe,  having  a 
ball  at  each  end,  may  be  kept  filled  with  mercury,  while 
lying  horizontal,  if  the  air  in  each  ball  is  of  equal  density. 
But  if  it  be  raiseil  perpendicular  to  the  horizon,  it  cannot  re- 
main filled  from  end  to  end,  unless  the  air  of  the  ball  brfow 
be  made  so  clastic  by  condensation,  that  its  pressure  on  Uie 
lower  orifice  of  the  pipe  exceed  the  pressure  of  the  air  \a  the 
upper  ball  on  the  other  orifice  by  a  force  equal  to  the  weight 
of  the  mercury,  that  is,  to  die  aggregate  of  the  action  of  gra- 
vity on  each  particle  of  mercury  in  the  pipe.  Therefore  the 
repulsions  of  the  spheres  that  we  are  speaking  of  are  in  equi- 
librio by  the  intervention  of  the  fluid  in  the  canal,  in  perfect 
consistency  with  the  laws  of  hydrostatical  pressure. 

Mr.  Cavendish  has  pursued  this  subject  much  farther,  and 
has  considered  the  mutual  action  of  more  than  two  bodiea, 
communicating  with  each  other  by  canals  of  moveable  fluid 
uniformly  dense.  But  as  we  have  not  room  far  the  whole 
of  his  valuable  propositions,  we  selected  Those  which  were 
elementary  and  leading  theorems,  or  such  a^  wiH*imWe  us 
to  explain  the  most  important  phenomena.  They  are  also 
such,  as  that  the  attentive  reader  will  find  no  dtl!ic«t1ty  ia 
the  investigation  of  those  which  we  liave  omitted. 

Mr.  Cavendish's  most  general  proposition  is  as  fblibta  :* 
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183.  When  an  overcharged  body  comihuhicates,  by  a  ca- 
nal of  very  great  length,  straight  or  crooked,  with  two  or 
mote  similar  bodies,  also  at  a  very  great  distance  from  each 
other,  and  all  are  in  electric  equilibrium,  and  consequently 
each  body  overcharged  in  a  a?rtain  determined  proportion, 
depending  on  its  magnitude,  if  any  two  of  these  bodies  are 
made  to  communicate  in  the  same  manner,  their  degrees  of 
electricity  are  such,  that  no  fluid  will  pass  from  one  to  the 
other,  thieir  mutual  actions  on  the  fluid  in  this  canal  being 
also  in  equilibrio.  He  brings  out  this  by  induction  and  com- 
bination of  the  singfe  cases,  each  of  which  he  demonstrates 
by  means  of  the  following  theorem : 

133.  The  action  of  an  overcharged  sphere  ACB  (Plate  It. 
fig.  1.)  on  the  fluid  in  tJ¥e  whole  of  a  canal  dfV  that  is  oblique, 
tending  to  impel  the  fluid  in  the  direction  of  that  canal,  is 
equal  to  its  action  on  the  fluid  in  the  whole  of  the  rectili- 
neid  caiial  CP.  Let  A  t  be  a  itiihute  portion  of  the  straight 
canial,  and  yd  the  portion  of  the  crooked  catial  which  is  equi- 
distant from  the  centre  C  of  the  sphere;  draw  the  radii  Cf^ 
C  dt  and  the  concentric  arches  A/,  id^  the  latter  cutring/C  m 
g ;  and  draw  g  e  perpendicular  to  fd ;  the  force  acting  on  t  h, 
imjpelling  it  toward  P,  inay  be  represented  by  A  iL  The  toine 
force  acting  on  df,  in  the  direction  c/,  mustthereibre  be  ex- 
^riessed  by  gf.  This,  when  estimated  ill  the  direction^of  the 
canal  d/^  is  reduced  to  ef;  but  it  is  eiierted  on  each  parti- 
cle of  df.  Now  df:  gf=gf :  e/,  and  df  x  ef=:gf*,  = 
gfX  At  ;'tberefbre  the  whole  force  ori  df  in  the  direction 
df  is  equal  to  the  force  on  t  A,  in  the  dir^to  t  A.  Hence 
the  truth  of  the  ]()^position  is  manifest  •      ' '  '   • 

We  beg  the  curious  reader  to  ap]dy  this  to  the  case  in 
hand,  and  he  will  find,  that  the  most  complicated  cases  may 
all  be  reduced  to  the  simple  ones  which  we  have  demonstrat- 
ed to  be  strictly  true  when  the  bodies  are  spheres  or  plates, 
and  the  canals  infinitely  long,  and  which  are  very  nearly  true 
when  the  canals  are  very  long^  and  the  bodies  similar:  And 
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we  now  proceed  to  one  compound  case  more,  which  'indude« 
all  the  most  remarkable  pheooK  ena  of  eleclricltj'. 

134.  Let  HK,  AB,  DF,  and  LM  (plate  II.  6g.  3,).  be 
four  parallel  and  equal  circular  plates,  two  of  which,  HK 
(ind  AB,  communicate  by  a  canal  GC  of  indefinite  extent, 
joining  their  centres,  and  perpendicular  to  their  planes ;  let 
DF  and  LM  be  connected  in  the  same  manner,  and  let  the 
two  canaU  be  in  one  straight  line  ;  let  the  plate  HK  be  over- 
charged, and  the  plate  LM  just  saturated.  It  is  required 
to  determine  the  diijposition  and  proportion  of  the  electric 
fluid  in  the  plates  which  will  make  this  condition  of  HK 
and  LM  possible  and  permanent,  every  thing  being  in  equi- 
librio  P 

1  he  plate  HK  being  oTercbarged,  and  commumcating 
with  AB,  AB  must  be  overcharged  in  tlie  same  manner, 
and  being  also  equal  to  HK,  it  must  be  overcharged  in  the 
aame  degree,  containing  an  equal  quantity  of  redundant 
fluid  disposed  in  the  same  manner.  To  simplify  the  inves- 
tigation, we  shall  first  suppose  that  the  redundant  fluid  is 
uniformly  spread  over  the  surfaces  of  both. 

When  the  plates  HK  and  AB  are  in  this  state,  let  the 
plates  DF  and  LAf  be  brought  near  them,  as  is  represented 
in  tlie  figure,  CL  being  the  distance  of  the  centres  of  AB 
and  DF.  It  is  evident,  that  the  redundant  fluid  in  AB  will 
act  on  the  natural  moveable  fluid  in  DF,  and  drive  some  of 
it  along  the  canal  EN,  and  render  I-M  overcharged.  Take 
off*  this  redundant  fluid  in  LM.  This  will  diminish  or  an- 
nihilate the  rcpulbion  which  it  was  beginning  to  exert  on 
the  canal  EN  ;  therefore  more  fluid  will  come  out  of  DF, 
and  nuain  render  LM  overcharged.  The  redundant  fluid 
in  LM  may  again  be  taken  ufl*,  in  less  quantity  than  before, 
as  h  plain.  Do  this  repeatedly  till  no  more  can  be  taken 
off".  But  this  will  unduubU'dly  render  DF  undercharged, 
and  it  will  now  contain  redundant  matter.  This  will  ac*. 
on  the  fluid  in  the  canal  GC,  and  abstract  it  from  G ; 
fore  fluid  will  come  out  ofHKintoAH.     HKwilibek 
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overcharged  than  before,  and  AB  will  be  more  overcharged. 
But  the  now  increased  quantity  of  redundant  fluid  in  AB 
will  act  more  strongly  on  the  moveable  fluid  in  DF,  and 
drive  more  out  of  it  This  will  leave  more  redundant  mat- 
ter in  it  than  before,  and  this  will  act  as  before  on  the  fluid 
in  the  canal  GrC.  This  will  go  on,  by  repeatedly  touching 
LM,  till  at  last  all  is  in  equilibrio.  Or  this  ultimate  state 
may  be  produced  at  once  by  allowing  LiVf  to  communicate 
with  the  ground.  And  now,  in  this  permanent  state  of 
things,  HE  contains  a  certain  quantity  of  redundant  fluid ; 
AB  contains  a  greater  quantity ;  13F  contains  redundant 
matter;  and  LM  contains  its  natural  quantity.  The  de- 
mand of  the  problem  therefore  is  to  determine  the  propor- 
tion of  the  redundant  fluid  in  HE  to  that  in  AB,  and  the 
proportion  of  the  redundant  fluid  in  AB  to  the  deficiency 
of  fluid  in  DF.  The  dynamical  considerations  which  de- 
termine these  proportions  are,  ls^  The  repulsion  of  the  re- 
dundant fluid  in  AB,  for  the  fluid  in  the  canal  EN,  must 
be  precisely  equal  to  the  attraction  of  the  redundant  matter 
in  DF  for  the  same  fluid  in  the  canal ;  for  LM,  being  sa- 
turated, b  neutral.  2d,  The  repulsion  of  the  redundant 
fluid  in  HK,  for  the  whole  fluid  in  the  canal  GrC,  must  ba- 
lance the  excess  of  the  repulsion  of  the  redundant  fluid  in 
AB  above  the  attraction  of  the  redundant  matttf  in  DF  for 
the  same. 

Let  the  redundant  fluid  in  AB  be  =  ^ 
the  redundant  matter  in  DF  =  m. 
the  redundant  fluid  in  HE      =  F. 

Because  HE  and  AB  are  equal,  there  can  be  no  doubt 
but  that  the  fluid  in  those  plates  would  be  similarly  dis- 
posed ;  and  it  is  higMy  probable,  that  if  AB  be  very  near 
DF,  the  redundant  fluid  in  AB,  and  the  redundant  matter 
in  DF,  Will  also  be  disposed  nearly  in  the  same  manner. 
This  will  appear  plainly  when  we  eonader  with  attention 
tne  forces  acting  between  a  very  small  portion  of  AB  and 
the  corresponding  portion  of  DF.  The  probability  that 
this  is  the  case  is  so  evident,  that  we  apprehend  it  unneces- 
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sary  to  detail  the  proofs.  We  shall  afterwards  conadei^ 
«oiDe  circumstances  which  shew  that  the  disposition  in  the 
thn^  plates  will  (though  nearly  similar)  be  nearer  to  a  state 
of  uniform  distribution  than  if  only  AB  and  HE  had  been 
in  action.  Assuming  therefore  this  similarity  of  distribu- 
tion,  it  follows,  that  their  actions  on  the  fluid  in  the  canaU 
will  be  similar,  and  nearly  proportional  to  their  q[uantities. 

Therefore  let  1  be  to  ii  as  the  repulsion  of  the  fluid  in 
AB,  for  the  fluid  that  would  occupy  CE,  is  to  its  repulsion 
for  the  fluid  in  CG.  

Then  the  action  of  AB  on  EN  is/  x  n  —  I9  and  the  ac- 
tion of  DF  on  EN  is  m  n ;  therefore,  because  the  plate  LM 
b  inactive,  the  actions  of  AB  and  DF  on  EN  must  balance 

,    n  —  l 

each  other,  and/ X  11  —  i  =nifi,and»=:/x      n    * 

The  repulsion  of/ for  the  fluid  in  C6  isfn>    The  at- 
«%    traction  of  m  for  it  is  m  X  "'-*  1^   and  because  inn/x 

* —  1  n*— 1 

— - — ,  the  attraction  of  m  for  the  fluid  in  CG  is/  x 


X  M  —  i*     Therefore  the  repulsion  of/ is  to  the  attraction 


mas/n  to/ x  *       \  or  as/n»  to/x  « — 1\  oras  n»  to 


n —  1*   Call  the  repul^on  of /*(r),  and  the  attraction  of  «i  (a). 

We  have  r:a  =  n^:n  —  1* 

and  r:r  —  a=:n^:n* —  (n  —  l)*  =  it*:  2  n— 1, 

Therefore,  because  the  repulsion  of  F  is  equal  to  this 

excess  of  r  above  «,  we  have  «^ :  2 »—  1  =:/:  F,  and  F  =/ 

2ji— 1     *  n« 

— ^ — ^  or/=:  F  j^^,^|.   Therefore,  if  n*  is  much  greater 

than  2 II  —  1,  the  quantity  of  redundant  fluid  in  AB  will  be 
much  greater  than  the  quantity  in  HK. 

136.  Now  when  the  electric  action  b  inversely  as  the 
square  of  the  distance,  and  EC  is  very  small  in  oompaiisoQ 
with  AC,  we  have  seen  (§  1 15.)  that  1 :  n  nearly  =  CE :  CA> 

AC 

or  that  n  is  nearly  g— .    When  this  is  the  case,  and  oonse* 
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quently  » is  a  considerable  number,  we  may  take  tbe  num* 
ber  g-^  for  j^j-;^  without  any  great  error.    In  this  case/ 

is  equal  to  F  x  o  ^^  nearly.     Suppose  CA  to  be  six 

inches,  and  CE  to-be  ifeth  of  an  inch ;  this  will  give  n  =  120, 

w«  14,400 

and/=  60  F ;  or,  more  exactly3/=.F  X  ^n 1—   839    ; 

=z  60j  F.   If,  instead  of  the  plate  HE,  we  empby  a  globe  of 
the  same  diameter, /will  be  bat  half  of  this  quantity,  or/ 

1S&  It  also  appears,  that  when  the  {^tes  AB  and  DF 
are  very  near  to  each  other,  and  consequently  n  a  large  num- 
ber, the  deficiency  in  DF  is  very  nearly  equal  to  the  redun- 

119^,  . 
daocy  in  Afi.    In  the  example  now  given,  m  =  f^f  being 

=/x-ir-- 

137.  Yet  this  great  deficiency  in  DF  does  not  make  it 
electrical  on  tbe  side  toward  LM.  It  is  just  so  much  eva-^ 
cuated,  that  a  particle  of  fluid  at  its  surface  has  no  tenden- 
cy to  enter  or  to  quit  it. 

Lastly,  this  great  quantity  of  fluid  collected  in  AB  does 
not  render  it  more  electrical  than  HE. 

In  general,  things  are  in  the  condition  treated  of  in  §  82, 

The  attentive  reader  will  readily  see,  that  this  account  of 
the  apparatus  of  four  plates  is  only  an  approximation  to  the 
condition  that  really  obtains  under  our  observation.  Our 
canals  are  not  of  indefinite  length,  nor  occupied  by  fluid 
that  is  distributed  with  perfect  uniformity ;  nor  is  the  fluid 
umfermly  qiread  over  the  surface  of  the  plates.  He  will 
also  see,  that  the  real  state  of  thii^  as  they  occur  in  our 
expeij^naents,  teiids  to  diminish  the  great  disproportion  which 
this  imaginary  statement  determines.  But  when  the  canals 
are  very  long  in  comparison  with  the  diameters  of  the  plates, 


f 
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and  AB  is  very  near  to  DF,  the  difiereiicc  from  this  d< 
mination  is  inconsiderable.     We  shall  note  these  difference; 
when  we  consider  the  remarkable  phenomena  that  are  eX' 
plained  by  ihem. 

In  the  mean  time,  wc  shall  just  mention  some  simple 
sequences  of  the  present  combination  of  plates. 

138.  Suppose  AB  touched  by  a  body.  Electric  Huid 
be  communicated  ;  but  by  no  means  all  the  redundant  fluid 
contained  in  AB  :  only  as  much  will  quit  it  as  will  reduce 
it  tu  a  neutral  state,  IF  the  body  which  touches  it  comrauni- 
cates  with  the  ground  ;  that  is,  till  the  attraction  of  the  re- 
dundant matter  in  DF  altracis  fluid  on  the  remote  Kide  of 
AB  as  much  as  the  redundant  fluid  left  in  AB  repels  it. 
When  this  has  been  done,  DF  is  no  longer  neutral ;  for  the 
repulsiun  of  AB  for  the  6uid  in  EN  is  now  diminished,  and 
therefore  the  attraction  of  DF  will  prevail.  If  we  now 
touch  DF,  it  may  again  become  neutral  with  respect  to  EN; 
but  AB  will  now  repel  again  the  fluid  in  CG,  and  again  be 
electric  on  that  side  by  redundancy-  Touching  AB  a  se- 
cond time,  takes  more  fluid  from  it,  and  DF  again  becomes 
electric  by  deficiency,  and  attracts  fluid  on  that  side.— And 
thus,  by  repeatedly  touching  AB  and  DF  alternately,  the 
great  accumulation  of  fluid  in  AB  may  be  exhausted,  and 
the  nearly  equal  deficiency  in  DF  may  be  made  up. 

139.  But  this  may  be  done  in  a  mucli  more  expedilioUB 
way.  Suppose  a  slender  conducting  canal  abd  brought 
very  near  to  the  outsides  of  the  plates,  tire  end  a  being  near 
to  A,  and  the  end  d  to  D.  The  vicinity  of  o  to  A  causes 
the  fluid  in  o  i  to  recede  a  little  from  a  by  the  repulsion  of 
the  redundant  fluid  in  AB.  This  will  leave  redundant  mat- 
ler  in  «,  which  will  strongly  attract  the  redundant  fluid  from 
A,  and  a  may  receive  a  spark.  But  the  consequence,  even 
of  a  nearer  approach  of  the  fluid  to  the  outward  surface  of 
A,  will  render  the  corresponding  part  of  DF  more  attrac- 
tive, and  the  retiring  of  fluid  I'rom  a  along  a  b  will  pwlt 
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^ome  of  its  natural  fluid  toward  d;  and  thus  A  beootiies 
nore  disposed  to  give  out,  and  a  to  take  in,  while  d  is  dis* 
posed  to  emit,  and  D  to  attract  Thus  every  drcumstanoe 
favours  the  passage  of  the  whole,  or  almost  the  whole,  re* 
dundant  fluid  to  quit  AB  at  A,  to  go  along  aid,  and  to  ea« 
ter  into  DF  at  D. 

140.  It  is  pliun,  that  there  must  be  a  strong  tendency  in 
the  fluid  in  AB  to  go  into  DF,  and  that  the  plates  must 
strongly  attract  each  other.  A  partide  of  fluid  utuated  be* 
tween  diem  tends  toward  DF  with  a  force,  which  b  to  the 
sole  repulsion  of  AB  nearly  as  twice  the  redundant  fluid  in 
it  to  what  it  would  contain  if  electrified  to  the  same  degr^ 
while  standing  alone. 

With  this  particular  and  remarkaU^  case  of  induced  dec* 
trkity,  we  shall  conclude  our  explanation  of  Mr.  iEjnnus* 
Theory  of  Electric  Attraction  and  Repultton.  The  reader 
will  recollect,  that  we  began  the  oonnideration  of  the  dispo* 
sitbn  of  the  electric  fluid  in  bodies,  in  order  to  deduce  sudi 
legitimate  consequences  of  the  hjrpotbetical  law  of  acti<m  at 
we  could  jcompare  with  the  phenomena. 

141.  These  comparisons  are  abundantly  supplied  by  the 
preceding  paragraphs,  particularly  by  $  74, 75, 76 ;  by  %l30f 
and  by  §  134. 

Let  a  smooth  metal  sphere  be  electrified  positively  in  any 
manoer  whatever,  and  then  touch  it  with  a  small  one  in  its 
natural  state.  The  redundant  fluid  is  divided  between  them 
in  a  pn^rtion  which  the  theory  determines  with  aocunurf. 
By  the  Aeory  also  the  redundant  fluid  in  both  acts  as  if  col- 
lected in  the  centre.  Therefore  the  proportion  of  the  repul* 
amis  is  determined.  These  can  be  examined  by  our  elec« 
trometer.  But,  as  this  mensuration  may  be  said  to  depend 
on  the  truth  of  the  theory,  we  may  examine  this  independ- 
ent of  it.  Let  the  balls  be  equal.  Then  the  redundant  fluid 
is  divided  equally  between  the  bodies,  whatever  be  the  law 
of  acUon.    Therefore  observe  the  electrometer,  as  it  is  af* 


1,00  UJtCTlU3TT. 

fecud  by  the  el«ctriiiccl  body,  both  befiveiodcficr  the o 
rouDicalioa.     Thi«  will  give  ibe  powliooa  of  tbft  electram^. 
lei  which  cofTe^wiKl  (o  tbc  qtunikiea  land  {. 

143.  Take  ufftbe  electricity  of  one  of  the  bsUs  by  touch- 
ing it,  fikd  then  touch  the  other  boll  with  iL  This  will  r^ 
duce  to  i  of  iiseir  the  quantity  i,  and  tbereTore  to  ^  of 
the  origiiwl  quantity.  This  will  determine  the  talue  of  an- 
other poflition  of  the  electrometer.  In  like  manner,  we  ob- 
tain ith,  t^lh.  See-  S(C.  Then,  by  touching  a  ball  contain- 
ing I  with  a  ball  containing  r  wc  get  a  poshion  for  ^  J, 
&c-  Proceedu^  in  this  way,  we  graduate  our  electrometer 
independendy  of  al)  theory)  and  can  now  examine  the  elec- 
tricity of  bodies  with  confidence.  The  writer  of  this  arti- 
cle took  this  method  of  examining  bis  electroineter,  not  hav- 
ing then  seen  Mr.  Cavendisb's  dissertation,  which  gives 
anoUier  mode  of  mea&uremenL  He  had  the  satisfactioa  of 
obttrving,  in  the  fir»t  plao^  that  the  podtiont  of  ibe  in- 
strument which  unquestionably  indicated  1,  j,  i,  he  were 
pcecisely  those  which  should  in£cale  them  if  electric  re- 
puluon  be  inversely  as  the  »}uares  of  the  distances.  Hav- 
ing ibus  examined  the  electrometer,  it  was  easy  to  gire  to 
balk  aoy  proposed  degree  of  electridly,  and  then  make  a 
comauimcatioo  bclveen  balls  of  very  different  diameters. 
The  electrometer  informed  him  when  the  repeated  abstrac- 
tions by  a  small  ball  reduced  the  electricity  of  a  large 
ball  to  i,  I,  iic.  This  shewed  the  proportion  (tf  electricity 
ooBtained  in  balls  of  different  diameters.  This  was  also 
found  to  be  such  as  resulted  from  an  action  in  the  inverse 
dt^cate  ratio  of  the  distances. 

143.  Long  after  this,  Air.  Cavendish's  investigation  point- 
ed out  the  proporlion  of  die  redundant  electric  fluid  in  balls 
of  different  sizes  joined  by  long  wires ;  in  §  130,  he.  these 
were  examined — and  found  to  be  such  as  were  so  indicated 
by  the  electrometer, 

144.  And,  lastly,  the  mode  of  accumulating  great  quan. 
tiliea  of  fluid  by  means  of  parallel  plates,  gave  a  tfaiid  iray 
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of  confronthig  the  bypotheti^al  law  with  experiment  The 
argument  was  dp  less  satisfactory  iu  this  case ;  but  the  exa- 
mination required  atfei^tion  to  particulars  not  yet  mention- 
ed,  which  made  the  prcqportions  between  the  fluid  in  HK 
and  AB  (fig.  .i.)  widely  different  froqi  those  mentioned  in 
the  preceding  paragraphs.  These  circumstances  are  among 
the  most  curious  and  imporimit  in,  the  whol^  study,  and 
will  be  oonodered  in  their  place.  "^ 

145.  We  r^,(  therefore  wuh.  confidence  oo  the  truth  of 
the  law  of  electric  action,  asspmed  by  us  as  a  principle  of 
explanatioip  and  iny^tigation.  It  is  quite  needless  and  un- 
profitable to  pve  any  detailipf  the  numerous  experiments  in 
which  we  confronted  it  with  the  phenomena.  The  scrupu« 
lous  reader  inll  get  ample  satisfaction  from  the  excellent  ex- 
periments of  M,r.  Coulomb  with  his  delicate  electrometer. 
He  will  find  them  in  the  Memoirs  of  the  Academy  of  Scien* 
ces  of  Paris  for  1784^  1786,  1786,  and  1787.  Some  of 
them  are  of  the  same  kind  with  those  employed  by  the  writer 
of  this  article ;  others  are  of  a  different  kind ;  and  many  are  • 
directed  to  another  object,  extremely  purious  and  important 
in  this  study,  namely,  to  discover  how  the  electric  fluid  is 
disposed  in  bodies ;  and  a  third  set  are  directed  to  an  exa* 
mmation  of  the  manner  in  which  the  electric  fluid  is  (lissi- 
pated  along  imperfect  conductors. 

But  we  have  abvady  drawn  this  article  to  a  great  length, 
and  must  bring  it  to  an  end,  by  explaining  some  very  re- 
markable phenomena,  namely,  the  operation  of  the  Leyden 
phial,  the  op^fia^km  of  the  electrophorus, .  and  the  dissipa- 
tion of  electri^ty  by  sharp  points  and  fay  imperfect  conduc- 
tors. 

146L  The  obsenra^ions  of  Mr.  WatspOioa  the  necessity  of 
eonnecting  the,  rqbb^r  oC  an  electrical-!  machine  with  the 
ground,  might  haye  suggested  Uy  pbikisppbers  the.  doctrine 
of  plus  and  mimu  electricity,  especially  after  the  valuable 
discoveries  of  Mir.  Symmer  and  Cigna*  A  serious  consid^ 
ration  of  th^M  genmd  fact9  ivould  have  led  to  the  theory 
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of  coaled  glass  almost  at  its  first  appearance.  But  the  ll 
lorica]  fact  was  otherwise ;  and  a  considerable  lime  elaptseil 
between  the  first  experiments  with  charged  glass  by  Kleist, 
and  the  clear  and  satisfactory  account  given  by  Dr.  Prank* 
lin,  of  all  ihe  essential  parts  of  the  apparatus,  and  the  pro* 
bable  procedure  of  nature  in  the  phenomenon.  The  impeT' 
meability  of  glass  by  the  electric  fluid,  and  the  consequent 
abstraction  of  it  from  the  one  side  while  it  was  accumulated 
on  tlie  other,  suggested  to  his  acute  mind  the  leading  prin- 
ciple of  electrical  philosophy ;  namely,  that  all  the  pheno- 
mena arise  from  the  redundancy  or  deficiency  of  electric 
fluid,  and  that  a  certain  quantity  of  it  resides  naturally  in 
all  bodies  in  a  state  of  uniform  distribution,  and,  in  this 
state,  produces  no  sensible  effect.  This  was,  m  his  bands, 
the  inlet  to  the  whole  science ;  and  the  greatest  part  of  what 
has  been  since  added  is  a  more  distinct  explanation  hotf  the 
redundancy  or  deficiency  of  electric  fluid  produces  the  ob- 
served phenomena.  Dr.  Franklin  deduced  this  leading 
principle  from  observing,  that  as  fast  as  one  side  of  a  glass 
plate  was  electrified  positively,  the  other  side  appeared  nega- 
tive, and  that,  unless  the  electricity  of  that  side  vras  com- 
municated to  other  bodies,  the  other  side  could  be  no  far- 
ther electrified.  Having  formed  this  opinion,  the  old  obser* 
vations  of  Watson,  Symmer,  and  Cigna,  were  explained  at 
once,  and  the  explanation  of  the  Leyden  phial  would  have 
come  in  course.  It  is  for  these  reasons,  as  much  as  for  the 
important  discovery  of  the  sameness  of  electricity  and  of 
thunder,  that  Dr.  Franklin  stands  so  hi^h  in  the  rank  of 
philosophers,  and  is  justly  considered  as  the  author  of  this 
department  of  natural  science.  Whatever  credit  may  be 
due  to  the  chemical  speculations  of  De  Luc,  Wilcke,  Wink- 
ler, and  many  others,  who  have  attempted  to  associate  ela* 
iricity  with  other  operations  of  nature,  by  resolving  the  ej 
trie  fluid  into  its  constituent  parts,  all  their  explanBOJ 
presuppose  a  niatbematical  and  mechanical  doctrine  I 
•eniitig  the  mode  of  action  of  the  ingredients,  which  i 
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^tber  aoGDunt  for  the  total  inactivity  of  the  compound,  or 
which  will  explain,  in  the  very  same  manner,  the  action  of 
the  compound  itself:  yet  all  seem  to  content  themselves 
with  4  vague  and  indistinct  notion  of  this  preliminary  step, 
and  h^ve  allowed  themselves  to  speak  of  ^ectrical  atmos. 
pheres,  and  spheres  of  activity,  and  such  other  creatures  of 
the  mind,  without  once  taking  the  trouble  of  considering 
whether  those  assumpUons  afibrded  any  real  explanation. 
How  different  was  Newton^s  conduct  When  he  discovered 
that  the  planets  attracted  each  other  in  the  inverse  duplicate 
ratio  of  tbp  distances,  and  that  terrestrial  gravity  was  an  in- 
stance of  the  same  force,  and  that  thertfore  the  deflection  of 
the  earth  was  the  effect  of  the  accumulated  weight  of  all  its 
parts ;  he  did  not  rashly  affirm  this  of  tb^  planets,  till  he 
examined  what  would  be  th^  effect  of  the  accumulated  dt- 
traction  in  the  above  mentioned  proportion. 

147.  Mr.  uGpinus  has  the  honour  of  first  treading  in  the 
steps  of  our  illustrious  countryman ;  and  he  has  done  it 
with  singular  success  in  the  explanation  of  the  phenomena 
of  attraction  and  repulsion,  as  we  have  already  seen.  In  no 
part  of  the  study  has  his  success  been  so  conspicuous  as  in 
the  explanation  of  the  curious  and  important  phenomena 
of  the  Leyden  phiaL  It  only  remained  for  him  to  account 
for  the  accumulation  of  such  a  prodigious  quantity  of  this 
agent  as  was  competent  to  the  production  of  effects  which 
seemed  to  exceed  the  similar  effects  in  other  cases,  out  of  all 
proportion.  Indeed,  the  disproportion  is  so  great,  as  to 
make  them  appear  to  be  of  a  different  and  incomparable  nar 
ture.  Dr.  Wilson's  experiments  in  the  pantheon  are  there^ 
fore  precious,  by  shewing  that  nothing  was  wanted  for  the 
production  of  all  the  effects  of  the  Leyden  phial  but  a  sur^ 
fiEu^e  sufficiently  extensive  for  containing  a  vast  quantity  of 
fluid,  and  so  perfectly  conducting  as  to  admit  of  its  simul* 
tweous  and  rapid  transference.  Therefore  we  assert,  tliat 
one  of  the  chief  merits  of  Mr.  ^pinus'  theory  is  the  satis- 
l^tory  explanation  of  the  accumulation  of  this  vast  quanti^ 
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ty  of  flnid  in  a  small  space.  We  trust,  therefore,  that  our 
readers  will  peruse  it  with  pleasure.  But  we  must  here  ob> 
serve,  that  Mr  vfipinus  hat  not  expressly  done  this  in  the 
work  which  we  have  already  made  so  much  use  of,  nor  in 
any  other  that  we  know  of.  He  has  Rone  no  farther  thia 
to  point  out  to  t)ic  mathematicians,  that  his  hypothesis  U 
adequate  to  the  accounting  for  any  degree  of  accumulatiaa 
whatever.  This  he  does  in  that  part  of  his  work  which  oo^ 
tains  the  fonnuW  of  {  38,  39.  W.  +1,  &c.  And  he  afteiv 
wards  shews,  that  all  the  phenomena  of  attraction  and  re- 
pulsion which  are  observed  tn  the  charged  jar  are  precisely 
such  as  are  necessary  consequences  of  his  theory, 

1 W.  It  is  to  the  Hon,  Mr.  Cavendish  that  we  are  indeht- 
*d  for  the  satisfactory,  the  complete  (and  we  may  call  it  the 
popular),  explanation  of  all  the  phenomena.  Forming  to 
himself  the  same  notion  of  the  mechanti-al  proprtics  of  the 
electric  fluid  with  Mr.  <^fnnus,  he  enamined,  with  the  pa- 
tience,  and  much  of  the  address  of  a  Newton,  the  action  of 
such  a  fluid  on  the  fluid  around  it,  and  the  sensible  eflecli 
on  the  bodies  in  which  it  resided ;  the  disposition  of  it  in  ■ 
considerable  variety  of  cases ;  and  particularly  its  action  on 
the  fluid  confined  in  slender  canals  and  in  parellel  plates; 
•^till  he  arrived  at  a  situation  of  things  similar  to  the  L«y- 
dcn  phial.  And  he  then  pointed  out  the  prense  degree  of 
accumulation  that  was  tiltaiiiable,  on  different  supposiiioni 
concerning  the  law  of  electric  action  in  general.  We  hi 
given  an  abstract  of  this  investigation  accommodated  U)|i 
inverse  duplicate  ratio  of  the  distances. 

149  From  this  it  appears  (§  135-),  that  whatever  q 
tity  of  electric  fluid  we  can  put  into  a  circular  plate  I  Sine 
in  diameter,  by  simple  communication  with  the  prime  a: 
duclor  of  an  electrical  machine,  we  can  accumulate  tK)  ti 
as  much  in  it  by  bringing  the  plate  within  ,^th  of  an  inch 
of  another  equal  plate  which  communicates  with  the  ground; 
and  it  appears  in  §  139,  that  all  this  accumulated  fluid  a 
be  transferred  in  an  instant  to  the  other  plate  (wht 
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shewn  to  be  almost  cqtially  deprived  of  flirid),  by  cfmncct- 
iDg  Uie  two  plates  by  a  small  wire. 

But  as  it  was  also  shewn  in  that  parsgraphi  that  the  force- 
with  which  the  accumulated  fluid  was  attracted  by  the  re- 
dundant matter  in  the  other  plate  was  exceedingly  great, 
«nd  consequently  its  tendency-  to  escape  was  prt^xtrtionably 
increased ;  this  accumulation  csinnot  be  obtained  unleesa  «^ 
can  prevent  this  spontaneous  tmnslerence. 

150.  Hctb  the  non-cooducitng  pow^r  of  idio-electrici, 
without  any  diminution  of  the  action  of  the  electric  fluid  on 
fluid  or  nuner  on  tbe  otln^r  side  of  them,  comes  to  our  aid, 
and  we  at  once  think  of  interposmg  a  plate  of  ftlnss,  or  waK, 
or  n>Mn,  or  any  other  electric,  between  our  condutting  ptateS. 
Such  is  the  immediate  suggestion  of  a  person's  mind  who 
entertains  the -Epiniannoliiin  of  the  electric  fluid;  and  such, 
ve  are  convinced,  is  the  thought  of  all  who  imagine  that 
Ihey  understand  the  phenomena  of  the  Lcyden  phial.  But 
those  who  attempt  to  explain  electric  action  hy  means  of 
what  they  call  electric  atmospheres  ot  variable  density  or  in- 
tensity, are  not  entitled  to  make  any  such  inference,  not  to 
expect  any  such  phenomena  as  the  Leyden  phial  exhtbita. 
Electricity,  they  say,  acts  by  the  intervention  of  atmos- 
pheres: Therefore,  whatever  allows  the  propagation  of  this 
action  (conceive  it  in  any  manner  whatever),  allows  the  pro- 
pagation of  these  agents ;  and  whatever  does  not  conduct 
electric  action,  does  not  conduct  the  ogents.  Interposed 
glass  should  therefore  prevent  all  action  on  tlie  other  plate. 
This  is  true,  even  although  it  were  possible  (which  We  think 
it  is  not)  to  form  a  clear  notion  of  the  free  passage  of  this 
material  atmosphere  in  an  instant,  and  this  without  any  di- 
minution of  its  quantity,  and  consequently  of  its  action,  by 
the  displacement  of  so  much  of  it  by  the  solid  matter  of  the 
body  which  it  penetrates.  Yet  without  tbis  undiminished 
action  of  the  electric  plate  on  the  fluid,  and  on  tbe  matter, 
beyond  the  glais,  and  on  the  canal  by  which  Its  fluid  may 
bcdiiven  off  inin  the  general  nrnss— 40  inch  aecumulation 
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can  talfe  place;  and  if  the  plienomena  of  the  Leyden  phol 
are  agreeable  to  the  results  of  the  j^pinian  hypothesis,  all 
explanation  by  atmospheres  must  be  abandoned.  Indeed 
when  the  partisans  of  the  alnoosphercs  attempt  to  explain 
their  conceptions  of  them,  they  do  not  appear  to  differ  from 
what  are  called  spheres  of  aclimCy  (ap!irase  first  used  by  Dr. 
Gilbert  of  Colchester,  in  his  celebrated  work  De  MagnUe  et 
Corporibas  Magncticis) :  aad  spheres  ofoctivity  will  be  found 
nothing  more  than  a  figurative  expression  of  some  indistinct 
conception  of  action  in  mrry  direction.  When  we  use  ibe 
words  attraction  and  repuUion,  we  do  not  speak  a  whit  more 
figuratively  than  when  we  use  liie  general  word  action.  These 
terms  are  alt  figurative,  only  atirariiim  and  repuUion  have 
the  advantage  of  specifying  the  direction  in  which  we  con- 
ceive the  action  to  be  exerted. 

It  therefore  becomes  still  more  interesting  to  the  philoacK 
phcr  to  compare  the  phenomena  of  ciiauosd  class  with 
the  jEpiuian  theory.  They  afford  an  experimentum  cruet*  u 
the  question  about  electric  atmospheres, 

151.  Let  G  (Plate  11.  6g.  4.)  represent  the  end  of  a  ptinie 
conductor,  furnished  with  Henley's  electrometer.  I*t  AB 
repretent  a  round  plate  of  tinfoil,  pasted  on  a  pane  of  glass 
which  exceeds  the  tinfoU  about  two  inches  all  round.  The 
pane  is  fi.\ed  in  a  wooden  foot,  that  it  may  stand  uphght 
and  be  shifted  to  any  distance  from  the  conductor.  DF  re- 
presents anotlier  plate  of  the  same  dimensions  as  AB,  in  the 
centre  of  which  is  a  wire  EN,  having  a  small  ball  on  the 
end  N,  to  which  is  attached  a  Canton's  electrometer.  This 
wire  passes  through  the  wooden  ball  O,  fastened  to  the  io- 
sulating  stand  1*.  The  glass  pane  must  be  very  dean,  dry, 
and  warm.  Connect  the  conductor  G  with  AB  by  a  wire 
reaching  to  the  centre  C.  Turn  the  cylinder  of  the  eleciii. 
cal  machine  slowly,  till  the  electrometer  rise  to  30^  or  40", 
and  note  the  number  of  turns.  Take  off  the  electricity,  and 
having  taken  away  the  connecting  wire  GC,  turn  the  n»- 
cliine  again  till  the  electrometer  rise  to  the  same  height.  TLe 
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diflference  in  the  number  of  turns  will  give  some  notion  of 
the  expenditure  of  fluid  necessary  for  electrifying  the  plate 
of  tinfoil  alone  This  will  be  found  to  be  very  trifling  when 
4be  electridty  is  in  so  moderate  a  degree.  It  is  proper, 
however,  to  keep  to  this  moderate  degree  of  electrificatioUf 
because  when  it  is  much  higher,  the  disnpation  from  the 
edges  of  the  plate  is  very  great  Replace  the  wire,  and 
again  raise  the  electrometer  to  30<>.  Now  bring  forward 
the  pbite  DF,  keeping  it  duly  oppoute  and  paralld  to  AB, 
and  taking  care  not  to  touch  it.  It  will  produce  no  sensLi 
ble  change  on  the  position  of  the  electrometer  till  it  come 
within  four  or  three  inches  of  the  glass  pane;  and  even  whe& 
we  bring  it  much  nearer  (if  a  spark  do  not  fly  from  the  ghyn. 
pane  to  DF),  the  electrometer  HG  will  sink  but  two  or 
three  degrees,  and  the  electrometer  at  N  will  be  little  afiSect- 
ed.  Now  remove  the  plate  DF  again  to  the  distance  of  two 
or  three  feet,  and  attach  to  its  ball  N  a  bit  of  chain,  or  sil« 
ver  or  gold  thread,  which  will  tnul  on  the  table.  Again^ 
raise  the  electrometer  to  30^,  and  bring  DF  gradually  for- 
ward to  AB.  The  electrometer  H6  will  gradually  fall 
down,  but  will  rise  to  its  former  height^  if  DF  be  with* 
drawn  to  its  first  situation.  It  is  scarcely  necessary  to  shew 
the  conformity  of  this  to  the  theory  contained  in  §  134, 135^ 
Ice  As  the  plate  DF  approaches,  the  redundant  fluid  ia 
AB  acts  on  the  fluid  in  DF,  and  drives  it  to  the  remote  end 
of  the  wire  EN,  as  was  shewn  by  the  divergency  of  the  balls 
at  N;  and  then  an  accumulation  begins  in  AB,  and  the 
electrometer  HG  falls,  in  the  same  manner  as  if  part  of  the 
fluid  in  the  prime  conductor  were  communicated  to  AB, 
When  DF  communicates  with  the  ground,  the  electrometer 
at  N  cannot  shew  any  electricity,  but  much  more  fluid  is 
now  drivoi  outof  DF,  in  proportion  as  it  is  brought  nearer 
to  AB.  Instead  of  connecting  AB  immediately  with  the 
prime  conductor,  let  the  wire  GC  have  a  plate  at  the  end 
G,  of  the  same  dimensions  as  AB,  having  an  electrometer 
attached  to  the  side  next  to  AB,    Let  this  apparatus  of  tw« 
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plates  be  electrified  any  how,  and  note  the  6rnrgmef  of  th* 
electrometer  at  II,  before  DF  communicating  with  the 
ground,  is  brought  near  it,  and  then  attend  to  the  chiuign. 
We  shall  find  the  divergency  of  this  electrometer  oorres-. 
pond  with  the  distance  of  DF  very  nearly  ta  the  Uieory  re- 
quires. 

153.  IVhilc  the  plates  AB  and  DF  are  near  each  other, 
especially  when  DF  communicates  with  the  ground,  if  we 
hang  a  pith-pal)  between  them  by  a  silk  thread,  it  will  be 
strongly  attracted  by  the  plate  which  is  nearest  to  it,  whe. 
ther  DF  or  AB  :  and  having  touched  it,  H  will  be  briskly 
repelled,  and  attracted  fay  the  glass  pane,  which  will  repel  it 
after  contact,  to  be  again  attracted  and  repelled  by  DF  ;  and 
thua  bandied  between  the  plates  till  all  electricity  disappear 
in  both,  the  electrometer  attached  to  H  descending  gradual* 
ly  all  the  while. 

153.  As  all  these  phenomena  are  more  remvkable  in  pro- 
portion as  the  plates  are  brought  nearer,  they  are  moM  of  all 
when  DF  is  applied  close  to  the  glass  pane.  And  iE,  in  this 
ntuabon,  we  take  any  accurate  method  for  measuring  lh« 
intensity  of  the  electricity  in  the  plate  HG.  before  the  ap- 
proach of  DF,  we  shall  find  the  diminution,  occasioned  by 
ita  coming  into  full  contact  with  the  pane,  conudersbly 
grenter  than  what  is  pointed  ont  in  J  135.  When  ire  en^ 
ployed  plate!^  of  13  inches  diameter,  pasted  on  a  pane  a»- 
forrieth  of  an  inch  in  thickness,  welbund  the  dhninutini  nM 
less  thai  199  ports  of  200;  and  we  found  that  it  requind 
at  least  200  times  the  revolution  of  the  cyhnder  to  ratxe  the 
electrometer  to  the  ame  height  as  before.  This  compori- 
•on  is  not  susceptible  of  great  accuracy,  by  reason  of  many 
drcumslances,  which  will  occur  to  an  electiician.  Bot  in  all 
the  trials  we  have  made,  we  are  certain  that  the  accuniuU- 
tion  greatly  exceeded  that  pointed  out  by  the  .'Gpiniun  tiuo- 
Tj  as  improved  by  Mr.  Cavendish,  And  we  must  here  ob- 
serve, that  we  found  this  superiority  more  remafkabi*  JL 
Borae  kinds  of  .g^msi  than  otfans,  and  move  i 
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tome  other  idto-eipctrlcs.     We  think  that  in  genentl  it  wna 
most  remarkable  in  the  coarse  kinds  of  f;lass,  provided  tfaey 
were  uniformly  transparent.    We  found  it  most  remarkable 
in  some  common  glass  which  had  exfoliated  greatly  by  the 
woather :  but  wc  also  found  that  such  glasses  were  very  apt 
to  he  burst  by  the  charge.     The  hardest  and  best  London 
crown-glass  seemed  (o  accumulate  less  than  any  other;  and 
a  eoloured  glass,  which  when  viewed  by  reflettion  seemed 
_   quite  opake,  but  appeared  brown  by  transmitted  light,  ad- 
^P<BiiLted  an  accumulation  grtaXly  exceeding  all  thnt  we  bare 
Hftied ;  but  it  could  not  he  charged  much  higher  without  the 
^Kiaertainly  of  being  burst.     This  diversity  in  the  accumuln- 
^nba,  which  may  be  made  in  different  kinds  of  glass,  hinders 
^FWfron)  comparing  the  a^Wufc  accumulations  assigned  by 
the  theory  with  those  which  experiment  gives  us.     But 
though  we  cannot  make  this  comparison,  wc  can  make  others 
which  are  equally  satisfactory.     We  can  discover  what  pro- 
portion there  ia  between  the  accumulation  in  glass  of  the 
same  kind,  as  it  may  differ  in  thickness  and  in  extent  of  sur- 
face.    Using  mirror  glass,  which  is  of  uniform  and  roeasor- 
able  thickness,  and  very  flat  plates,  which  come  into  accu- 
rate or  equable  contact— we  found  that  the  accumulation  is 
inversely  as  the  thickness  of  the  plates;  but  with  this  ex- 
ception, that  when  two  plates  were  used  instead  of  a  plate 
oT  double  thickness,  the  diminution  by  the  increase  of  thick- 
iKss  was  not  nearly  in  the  proportion  of  this  increase.     la- 
ead  of  being  reduced  to  one-half,  it  was  more  than  two- 
feirds ;  and  in  the  kind  called  Dutch  plate,  the  diminution 

s  inconsiderable. 

'■  !64.  The  experiments  with  the  Dutch  and  other  double 

htes,  suggested  another  instructive  and  pretty  experiment. 

serving  these  plates  to  cohere  with  considerable  force,  it 

s  thought  worth  while  to  measure  it ;  which  was  attempt- 

lin  this  manner:    Two  very  flat  brass  plates  AB,  DP 

late  II.  fig.  5.),  furnished  with  wires  and  balls,  were  sus> 

peaded,  about  three  inches  asunder,  by  silk  threads,  as  re» 
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presented  in  the  figure.  At  G  was  attached  a  very  fine  ■ 
vcr  wire,  which  hung  very  loose  between  il  and  the  prime 
conductor,  without  coming  near  the  table.  Another  wai 
attached  to  N,  which  touched  the  table.  A  plate  of  mirror 
glass  was  set  between  them,  as  shewn  by  QR.  When  this 
apparatus  waa  electrified,  the  threads  of  suspension  immedi- 
ately began  to  deviate  from  the  perpendicular,  and  the  plates 
to  approach  the  gloss  pane  and  each  other.  The  pane  was 
carefully  shifted,  so  as  to  be  kept  in  the  middle  between 
them.  This  result  shewed  very  plainly  the  pressure  of  the 
fluid  on  one  of  the  plates,  and  the  mutual  attraction  of  the 
redundant  matter  and  redundant  fluid.  This  increased  as 
the  accumulation  increa^sed ;  and  it  was  attempted  to  com. 
pare  the  attraction  with  the  accumulation,  by  comparing 
the  deviation  of  the  suspending  threads  with  tliat  of  the 
electromeler  attached  to  the  prime  conductor  ;  but  we  could 
not  reconcile  the  series  {which,  however,  was  extremely 
regular)  with  the  law  of  electric  action.  This  harmony 
was  probuWy  disturbed  by  the  force  employed  in  raising  the 
sUver  wires.  "When  more  flexible  silver  threads  were  used 
much  was  lost  by  dissipation  from  the  roughness  of  the 
thread.  We  did  not  think  of  employing  a  line  flaxen  thread 
moistened :  but,  indeed,  an  agreement  was  hardly  to  be  ex- 
pected ;  because  tlieory  teaches  us,  that  the  distribution  of 
of  the  redundant  fluid  in  AB  will  be  extremely  dificrent 
from  the  distribution  of  the  redundant  matter  in  DF,  till 
the  plates  come  very  near  each  other.  The  accumalatioa 
in  AB  depends  greatly  on  the  law  of  distribution,  being  less 
(with  any  degree  of  redundancy)  when  the  fluid  is  denser 
near  the  centre  of  the  plate.  Other  circumstances  concur- 
red to  disturb  this  trial ;  but  the  theory  was  abundantly  con- 
firmed by  the  cKperimcnt,  which  shewed  the  strong  attrac- 
tion arising  from  the  accumulation.  This  was  so  great,  that 
although  the  [Jatcs  were  only  three  inches  in  diameter,  and 
the  glass  pane  was  y,  of  an  inch  thick,  and  the  threads  dfr 
^-inted  about  19  degrees  from  the  perpendicular^it  rcqui^ 
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ed  above  an  ounce  weight,  bung  on  the  wire  EN,  to  sepa- 
rate the  plates  from  the  glass. 

.  155.  The  experienced  electrician  need  not  be  told,  that 
by  bringing  the  two  ends  of  a  bent  wire  in  contact  with  the 
two  plates  (first  touching  DF  with  it)  discharges  the  appa- 
ratus, and  causes  the  plates  to  drop  off  from  the  pane.  But 
he  may  farther  observe,  that  if  there  be  attached  to  each 
end  of  the  disdiarging  wire  a  downy  feather,  and  if  he  first 
bring  the  end  near  the  plate  DF,  and  observe  the  feather 
to  be  not  at  all,  or  but  a  very  little,  affected,  and  if  he  then 
bend  round  the  other  end  toward  the  plate  AB,  both  feathers 
will  inmiediately  stretch  out  their  fibres  to  the  plates,  and 
cling  fast  to  them,  long  before  the  discharging  spark  is  seen. 
This  is  a  fine  proof  of  the  process  of  discharge,  which  be- 
gins by  the  induction  of  electricity  on  the  ends  of  the  dis- 
charging wire ;  first,  negative  electricity  on  the  end  that  ap- 
proaches A,  and,  in  the  same  instant,  opposite  electridties 
at  D  and  the  adjoining  end  of  the  wire. 

156.  The  following  observation  of  Professor  Richmann 
of  St.  Petersburgh  is  extremely  instructive  and  amusing. 
Let  a  glass  pane  be  coated  on  both  sides,  and  furnished  with 
a  small  electrometer  attached  to  the  coatings.  It  is  represent- 
ed as  if  seen  edgewise  in  plate  II.  fig.  6.  Let  it  be  charged  po- 
utively  (that  is,  by  redundancy)  by  the  coating  AB,  while 
DF  communicated  with  the  ground.  The  electrometer  A  a 
will  stand  out  from  the  plate,  and  D  d  will  hang  down  close 
by  its  coating,  as  long  as  DF  communicates  with  the  grouqd. 
But  as  the  electricity  gradually  dissipates  by  communica- 
tion to  the  contiguous  air,  the  ball  a  will  gradually,  but  very 
slowly,  fall  down.  We  may  judge  of  the  intensity  of  the 
remaining  electricity  by  the  deviation  of  the  electrometer, 
and  we  may  conceive  this  deviation  divided  into  degrees,  in^ 
dicating,  not  angles,  but  intensities,  which  we  conceive  as 
proportional  to  the  redundancy  or  deficiency  which  occasion 
them* 
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If  we  take  away  the  oommunication  with  the  ground,  we 
shall  observe  the  ball  a  fall  down  very  qpeedily, 
more  sbwly,  till  it  reach  about  half  of  its  fini 
The  ball  d  will  at  the  same  time  rise  to  nearly  iha 
height ;  the  angle  between  the  two  electrometien  oont 
nearly  the  same  as  at  first.  When  d  has  ceased  to  riae,  both 
balls  will  very  slowly  descend,  till  the  charge  is  loift  by  di^ 
apation.  If  we  touch  DF  during  this  desoenfe,  d  iHU  ini* 
mediately  fall  down,  and  a  will  as  suddenly  rise  mfciilj  ai 
much;  die  angle  between  the  electrometers  contimiing  adM% 
ly  the  same.  Remove  the  finger  from  DF,  and  «fwiU 
fall,  and  d  will  rise,  to  nearly  their  former  places ;  andf  tte 
slow  descent  of  both  will  agun  continue.  The  saaae  tbnig 
will  happen  if  we  touch  AB ;  a  will  iaH  down  dose  io^ 
]date,  and  d  will  rise,  &a  And  this  alternate  tonduBg'ttf 
the  coatings  may  be  repeated  some  hundreds  of  timet  hd&fB 
the  plate  be  discharged.  If  we  suspend  a  crooked  wiw't 
in  K,  having  two  pith-balls  v  and  a  from  an  insulatsd  poblC 
M  above  the  plate,  it  will  vibrate  with  great  rapidity,  tihe 
balls  striking  the  coatings  alternately ;  and  thus  realoriiij^ 
the  equilibrium  by  steps.  Each  stroke  is  aocompaniad  by 
a  spark. 

All  these  phenomena  are  not  only  consequences  of  die 
theory,  but  their  measures  agree  precisely  with  the  conpa- 
tations  deduced  from  the  formulae  in  $  22,  23,  M^  aceoas- 
modated  to  the  case  by  means  of  §  135,  and  136,  as  we  have 
verified  by  repeated  trials.  But  it  would  occupy  modi 
room  to  trace  the  agreement  here,  and  would  fatigue  wiaA 
readers  as  are  not  familiarly  conversant  with  fluiuonary  cat 
emulations.  The  inquisitive  reader  will  get  full  convietion 
by  perusing  iEpinus^  Essay,  Appendix  i.  A  very  <liat}aft 
notion  may  be  conceived  of  the  whole  process,  by  suppoamg 
that  in  a  minute  AB  loses  i^th  of  the  unbalanced  fedan- 
dancy  actually  in  it,  and  consequently  diminishes  as  much 
in  its  action.  It  will  be  proved  aflerwards,  that  the  diad- 
pations  in  equal  times  are  reaUy  in  proportion  to  the  auper- 


EI-ECTBICITV. 


11<) 


Haii  repuUionk  then  exerted.  We  may  also  suppose,  tJiat 
the  acilon  of  the  redundant  fluid,  or  redundant  matter,  in 
either  coating,  on  ibe  external  fluid  cantiguouB  lo  it,  is  to 
ks  action  on  the  fluid  cuntiguous  to  the  other  coating  in  the 
constant  pniporiion  of  10  to  9.  We  select  this  proportion 
for  the  simplicity  of  the  computation.  Then  the  difference 
of  these  actions  is  always  V^th  <if  the  full  action  oo  the  fluid 
contiguous  to  it.  This  is  also  an  exact  supposition  in  some 
particular  case,  depending  on  the  breadth  of  the  coating 
and  the  thlcknees  of  the  pane. 

Now,  let  the  primitive  unhalanced  repulsion  between  AB 
and  the  contiguous  fluid  of  the  electrometer  be  100,  while 
DF  communicates  with  the  ground.  The  haJl  a  will  stand 
at  100;  the  ball  d  will  hangtouehing  DF.  Then  a,  by  lofr 
ing  I'-th,  retains  only  VO,  and  would  sink  lo!K)°:  But  as 
this  destroys  theequilibriumon  the  other  side,  fluid  will  en- 
ter into  DF,  BO  as  to  reduce  the  deficiency  rVth.  There- 
fore  nine  degrees  of  fluid  will  enter ;  and  its  action  on  a 
will  be  the  same  as  if  ^^tlis  of  9,  or  9,1  had  been  restored 
•o  AB.  Therefore  a  will  rise  from  90  to  98,1 ;  or  it  will 
nnk  in  one  minute  from  100  tu  98,1. 

But  if  we  have  cut  off  the  communication  of  DF  with  the 
I       ground,  this  quantity  of  fluid  cAtinot  come  into  DF ;   and 

I  Ibe  quantity  which  really  comes  into  it  from  the  air  will  be 
tlo  that  which  escapes  from  A  as  the  attraction  on  the  side 
flC  DF  to  the  repulsion  on  the  side  of  AB.  By  the  diminu- 
fibn  of  the  repulsion  ^^th,  and  the  want  of  9  degrees  of  fluid 
in  DF  lo  balance  it,  DP  acquires  an  attraction  for  fluid, 
Vbich  may  be  called  nine.  Therefore,  since  ^V^^  '^'^  ^^ 
primitive  repulsion  of  AB  has  dissipated  10  measures  of 
fluid  in  the  minute,  the  attracti<m  of  DF  will  cause  it  Co  a> 
quire  Alh  of  9,  or  0,9,  from  the  air  in  the  same  minute. 
At  the  end  of  the  minute,  therefore,  there  remains  on  un- 
balanced attraction  for  fluid  =8,1 ;  and  consequently  an  un- 
Qulsion  between  the  redundant  matter  in  DF, 
.he  ball  d.     Therefore  d  will  rise  to  8,1.     But 
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a  cannot  now  be  at  98,1 ;  because  DF  has  not  aoquiicd  9 
measures  of  fluid,  but  only  ^>  ths  of  one  measure.  ThcNS 
fore  a,  instead  of  rising  from  90  to  98,1,  will  only  riae  Id 
go  +  ^9^ths  X  Aths;  that  is,  to  90,81. 

At  the  close  of  the  minute,  therefore,  a  is  at  00,81  and  d 
is  at  8,1,  and  their  distance  is  98,91.    In  the  next  minute, 
AB  will  lose  /rth  of  the  remiuning  unbalanced  electricity  of 
that  side,  and  DF  will  now  acquire  a  greater  proportion  than 
before ;   because  its  former  unbalanced  attraction  gets  an 
addidon  equal  to  /^ths  of  the  loss  of  AB.    This  will  make 
a  larger  compensation  in  the  action  on  a,  and  a  will  not  fill 
so  much  as  before.    And  because  in  the  succeeding  minotea 
the  attraction  of  DF  for  fluid  is  increasing,  and  the  repiL 
tnon  of  AB  is  diminishing,  the  compensation  in  the  action 
on  a,  by  the  increased  attraction  of  DF,  continues  to  in- 
crease, and  the  descent  of  a  grows  continually  slower  ;  con- 
sequently a  time  must  come,  when  the  repulsion  of  AB  ftr 
fluid  is  to  the  attraction  of  DF  for  it,  nearly  in  the  prapor- 
tion  of  10  to  9.     When  this  state  obtains,  d  will  rise  no 
more ;  because  the  receipt  of  fluid  by  DF,  being  now  -iVth* 
of  the  loss  by  AB,  it  will  exactly  compensate  the  additional 
attraction  of  DF  for  fluid,  occasioned  by  that  loss.     The 
next  loss  by  AB  not  being  so  great,  and  the  next  receipt  by 
DF  continuing  the  same,  by  reason  of  its  undiminished  at- 
traction,  there  will  be  a  greater  compensation  in  the  acUon 
on  a,  which  will  prevent  its  descending  so  fast ;  and  there 
will  be  more  than  a  compensation  for  the  additional  attrac- 
tion of  DF  for  fluid  :  that  is,  the  fluid  which  has  now  come 
into  DF  will  render  it,  and  also  the  ball  d,  less  negative  than 
before ;  and  therefore  they  will  not  repel  so  strongly.  There- 
fore d  must  now  descend.     It  is  evident,  that  similar  ren* 
sons  will  still  subsist  for  the  slow  descent  of  a,  and  the  slow- 
er descent  of  J,  till  all  redundancy  and  deficiency  are  at  an 
end. 

This  maximum  of  the  elevation  of  d  happens  when  a  has 

descended  about  one  half  of  its  elevation ;  that  is,  when  the 
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unbalaneed  repulsion  of  AB  is  reduced  to  about  one  half. 
For  if  one  half  of  the  unbalanced  fluid  l>e  reatlv  taken  out 
of  AB,  and  if  DF  can  get  uo  supply  whatever,  it  niu«t  ae> 
quire  an  attraction  corresponding  to  ,?.  tha  of  ihla  ;  and  if 
the  supply  by  the  air  be  now  opeQe<)  lo  it,  things  will  go  on 
In  the  way  already  described,  till  all  in  discharged. 

This  account  of  the  process  is  only  an  approximation ;  he- 
cause  we  have  supposed  the  changes  to  happen  in  a  debul- 
Tory  manner,  as  in  the  popular  way  of  explaining  the  acc^ 
leralion  of  gravity.  The  rise  of  (/  is  not  at  an  end  till  the 
attraction  of  DF  for  fluid  is  to  the  repulsion  of  AB  as  19 
to  20, 

But  if  we  interrupt  this  progress  in  any  period  of  it.  by 
touching  DF,  we  immediately  render  it  neutral,  and  d  fulU 
quite  down,  in  consequence  of  receiving  a  complete  supply 
of  fluid.  But  this  must  change  the  state  of  AB,  and  cause 
it  to  rise  ^,ths  of  the  desent  of  if.  As  a  and  d  were  nearly 
skt.  an  equal  height  before  DF  waa  touchctl,  it  is  plain  that 
^z  will  rise  to  nearly  twice  its  pn-seni  height;  after  whidi, 
%t»e  sunie  series  of  phenomena  will  be  refjcated  as  soon  as  the 
fijiger  is  removed  from  DF. 

If,  instead  of  touching  DF,  we  touch  AB,  the  same  things 
yfivist  happen ;  □  must  fall  down,  and  d  must  rise  to  nearly 
ice  its  present  height,  and  all  will  go  on  as  before,  alter 
■moving  the  finger.  Lastly,  if  instead  of  allowing  either 
^dr  tu  (ouch  the  ground  alternately,  we  only  touch  it  with 
3  gmaU  iiittilalcd  body,  such  as  the  wire  with  the  balls  v  and 
It,  the  hall  attached  lo  the  side  touched  sinks  till  the  elec- 
ui«ity  is  shared  between  the  coating  and  the  wire  wilh  ballx. 
f  he  Inll  attached  to  llie  other  coating  rises  ,^„ths  of  the 
niikii^;  of  the  first  ball.  The  ci-ooked  wire  ball  is  now  re. 
njkd  by  the  coating  which  it  touched,  and  the  other  hall 
itbnnijtht  near  lo  the  other  coating,  and  must  be  attracted 
b  it,  becau<^e  the  electricilies  are  opposite.  This  operuLiuii 
l^holly  Icik'k  tu  transfer  the  redundant  fluid  hj/  drgrcc*  to 
'Wbm  it  <9  deficient.    It  needs  no  explanation.    ^Vc 
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flhall  only  mention  a  thing  whidi  we  have  always  obserred, 
without  being  able  to  account  for  it  The  vibration  of  the 
wire  acquires  a  certain  rapidity,  which  continues  for  a  long 
while,  and  suddenly  accelerates  greatly,  and  immediately  a& 
terwards  ceases  altogether. 

This  pretty  experiment  of  Professor  Richmann  will  ena* 
ble  us  to  understand  the  operation  of  theelectrophorus,  and 
to  see  the  great  mistake  of  those  who  say  that  it  is  perfecdy 
rimilar  to  a  discharged  glass  plate. 

157.  Thus,  then,  we  see,  diat  all  the  classes  of  phenome- 
na, connected  with  attraction  and  repukion,  are  precisdy 
such  as  would  result  from  the  action  of  a  fluid  so  constitut- 
ed. The  comjdete  undiminbhed  action  of  the  cause  of  those 
phenomena  on  the  other  side  of  the  interposed  noo-conduo- 
tor  of  that  cause  is  demonstrated,  and  all  explanation  by  the 
medianical  action  of  material  dastic  atmospheres  of  varia- 
ble density  must  be  i^Mmdoned,  and  the  infinitely  smpler 
explanation  by  the  attractive  and  rcpuLa ve  forces  of  the  fluid 
itself  must  be  preferred. 

So  happily  does  the  Franklinian  theory  of  positive  and  ne* 
gative  electricity  explain  the  phenomena,  when  a  suitdble 
notion  is  formed  cf  the  manner  of  action  of  this  fluid.  We 
cannot  but  think  that  this  is  attained,  when,  to  die  geneial 
doctrine  of  jEpinos,  we  add  the  specification  of  the  law  of 
action,  so  fully  verified  by  the  experiments  of  Mr.  Coukmbi 
which  are  in  the  hands  of  the  public ;  and  are  of  that  shn- 
pie  nature,  that  any  careful  experimentor  can  oonviiioe  him- 
self of  their  accuracy  (Sc«  <  141^)  We  may  tbeieCMne  pfo> 
ceed  with  some  confidence,  and  apply  this  doctrine  even  to 
cases  where  experiment  does  not  offer  itself  fior  proof. 

15&  Dr.  FrankKn  alBnns  that  electric  fluid  cannoC  be 
ihiown  into  one  side  of  the  coated  pane  unless  it  be  rixtiacl- 
cd  frcMos  the  other:  and  that  therefare  the  charged  giaas 
contains  no  morv^  than  it  did  before  chargii^.  We  indeed 
find,  that  we  cannot  <A«r^  the  inside,  if  the  outside  do  not 
communicate  with  the  ground.   HeproRresit  abobjsajing. 
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that  if  a  person,  wbea  insiilaled,  diacharges  a  glass  throuj^ 
faU  own  body,  he  is  not  found  electriBed :  Andlie  infers* 
as  a  necessary  consequence  of  this,  that  a  series  of  any  num* 
ber  of  jars  may  be  chaiged  by  the  same  turns  of  a  machine^ 
if  wc  make  the  outside  of  the  first  communicate  with  the  in- 
side of  the  second,  and  die  outttde  of  the  second  with  the 
f 

inside  of  the  third ;  and  so  on;  and  the  outade  of  the  btft 
communicate  with  the  ground.  Having  made  the  trial,  and 
having  found  that  more  turns  of  the  machine  lirere 
ry,  be  attributes  this  to  dissipation  into  the  air  by  the 
munication.  JBut  our  theory  teaches  i|s  otherwise.  We 
learn  from  it,  that  the  redundant  matter  in  the  plate  DF  is 
less  than  the  redundant  fluid  in  AB,  in  the  proportion  of 
n  -^  1  to  n ;  and  therefore  the  redundant  fluid  in  the  over- 
charged side  of  the  next  plat6  is  no  greater.  The  charge 
or  redundancy  in  the  mth  jar  of  the  series  will  therefore  be 

[  •     Thus,  if  n,  or  tjie  charge  of  the  1st  jar,  be  60* 

the  charge  of  the  10th  jar  will  be  nearly  51.  Although  a 
coated  plate  cannot  be  charged^  unless  one  of  the  coatings 
fommuBicate  with  the  ground,  it  may  be  dtdrifitd  as  much 
as  one  of  the  coatings  can  be  akme.  And  this  is  seen  in  our 
attempt  to  charge  it :  For  as  soon  as  we  attempt  to  electri- 
fy one  ade,  the  other  is  electrified  also ;  for  it  gives  a  spark, 
which  no  unelectrified  body  will  do.  Also,  when  we  dis- 
charge a  jar  by  an  insulated  discharger,  we  always  leave  it 
electrical  in  the  same  way  with  the  body  from  which  it  was 
charged.  If  a  man  is  not  found  electrified  after  having  difr- 
diarged  a  jar  through  his  own  body,  it  is  owing  to  the  great 
surface  of  his  body,  which  reduces  the  aimple  electrification 
of  a  side  of  the  jar  to  a  very  insignificant  and  insensible 
quantity. 

159.  Wilcke  (and  we  believe  Franklin  before  him)  mun- 
taina^  that  when  the  jar  has  been  charged,  by  connecting 
one  side  with  the  prime  conductor  and  the  other  with  the 
rubber,  it  is  neutral  and  inactive  on  both  sides.    But  this 
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is  not  80 ;  and  a  slight  reflection  might  have  convinced  thein 
thaf  it  cannot  be  so :  if  it  were,  the  jar  could  not  be  disdiar- 
ged.  Each  side,  while  connected  with  the  machine,  muit 
be  in  the  condition  ,of  the  part  with  which  it  is  connected^ 
and  in  a  disposition  to  take  or  give.  '  If  the  trial  be  careful 
ly  made,  it  will  be  found  to  be  equally  active  on  both  sides; 
and  the  discharging  rod,  having  down  on  its  ends,  will  shew 
this  in  an  unequivocal  manner,  and  shew  that  its  condition 
differs  in  this  respect  from  that  of  a  jar  charged  in  the  or- 
dinary way.  It  is  in  the  maximum  state  of  Richmann's 
plate,  described  in  $  156,  when  d  rises  no  more. 

160.  In  discharging  ajar  A,  if  instead  of  the  outside  com- 
municating  with  the  inside  by  a  wire,  we  make  it  commum- 
eate  with  the  inside  of  a  second  jar  B,  while  the  outmde  of 
B  is  made  to  communicate  with  the  inside  of  A,  we  shall  find 
B  charged  by  the  discharge  of  A ;  and  that  the  dischaige 
of  A  is  not  complete,  the  charge  2^  always  renuuning,  what- 
ever may  have  been  the  magnitude  of  n. 

161.  We  may  infer  from  this  experiment,  that  when  a 
shock  is  given  to  a  number  of  persons,  Oy  b^  Cj  &c  we  are 
not  to  oondude,  that  the  fluid  which  comes  into  the  defi- 
cient side  of  the  jar  is  the  same  which  came  out  of  the  re- 
dundant side.  The  whole,  or  perhaps  only  a  part,  of  the 
moveable  fluid  in  the  person  a  goes  into  (^replacing  as  mudi 
as  has  passed  finom  b  into  c,  &c.  Indeed,  where  the  canal  is 
a  slender  wire,  we  may  grant  that  great  part  of  the  indivi- 
dual particles  of  fluid  which  were  accumulated  on  the  inside 
of  the  jar  have  gone  into  the  outside.  Perhaps  the  quanti- 
ty translerred,  even  in  what  we  call  a  very  great  iiaAarge^ 
may  be  but  a  small  proportion  of  what  naturally  bekmgs  to 
a  body.  This  may  be  the  reason  why  a  charge  will  not  mdt 
more  than  a  certain  length  oS  wire.  Mr.  Cavendish  ascribes 
this  to  the  greater  obstruction  in  a  longer  wire  ;  but  dib 
does  not  appear  so  probable.  A  greater  obstruction  would 
occasion  a  longer  delay  of  the  transference ;  and  therefore 
the  action  of  the  same  quantity  would  be  longer  continued. 
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He  proves,  that  a  metal  wire  conducu  many  hundred  umes 
faster  than  water  ;  yet,  when  water  is  dissipated  by  a  dis- 
charge,  it  is  fuund  to  have  actually  conducted  a  much  great- 
er proportion  of  llie  whole  charge.  We  ascribe  it  chitOy  to 
this,  that,  in  a  short  wire,  llic  quantity  transferred  exceeds 
the  whole  quantity  belonging  to  the  wire. 

162,  It  is  surely  needless  to  prove  that  the  theory  of  tlie 
Leyden  phial  is  the  same  with  that  of  the  coaled  pane.  The 
only  difTcrencc  is,  that  we  are  not  so  able  to  tell  the  disposi- 
tion of  the  accumulated  fluid,  and  the  evacuated  matter,  in 
every  figure.  When  the  phial  is  of  a  globular  form,  and  of 
uniform  thickness,  with  an  exceedingly  small  neck,  wc  ibea 
know  the  disposition  more  accurately  than  in  a  plate.  The 
redundant  fluid  is  then  uniformly  distributed.  If  we  could 
insure  the  uniformity  of  thickness,  such  n  pbiitl  would  be  an 
excellent  unit  for  measuring  all  other  charges  by  ;  but  we 
can  neither  insure  this  (by  the  maflncr  of  working  glass),  nor 
measure  its  want  of  uniformity  :  whereas  we  can  have  mir- 
ror plate  made  of  precisely  equal  thickness,  and  measure  tl. 
This,  therefore,  must  be  taken  as  our  unit. 

1G3.  And  here  we  remark,  tliat  this  gives  us  the  most 
perfect  of  all  methods  fur  comparing  our  theory  with  expe> 
rimcnt.  We  mu&t  take  two  plates,  of  the  same  glass  and 
the  same  thickness,  but  of  diflerent  dimensions  of  coated  8ur> 
face.  We  must  charge  both  by  veiy  long  conducting  wires 
on  both  sides,  and  then  measure  how  often  the  charge  of  the 
one  is  contained  in  the  other.  Mr.  Cavendish  has  given  aa 
unexceptionable  method  of  doing  litis  independent  of  all  tlieo- 
ry.  As  it  applies  equally  to  jars,  however  irregular,  we  shall 
take  it  altogether. 

When  a  jar  is  charged,  observe  the  electrometer  connect- 
ed with  it,  and  immediately  communicate  the  charge  to  an- 
other equal  jar  (the  perfect  equality  being  previously  ascer- 
tained by  the  methods,  which  will  appear  immediately). 
Again  note  the  electTometcr.  This  will  give  the  elevation, 
which  indicates  one-half,  independent  of  all  theory.     Now 
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electrify  a  jar,  orarow  of  equal  jnre,  to  the  aam^^ 
with  the  first,  and  communicate  the  charge  to  a  coated  mif* 
ror  plate,  discharging  the  plate  after  each  communicatioo* 
till  the  electrometer  reaches  the  degree  which  indicates  on&- 
half.  This  sliews  how  often  the  charge  ol*  the  plate  is  con* 
taincd  in  that  of  the  jar  or  row  of  jars. 

Let  the  charge  of  the  plate  be  to  that  of  the  jars  as  »rt  I. 
Then,  by  each  communication,  the  electricity  is  diminished 
in  the  proportion  of  1  +x  to  1 .    If  m  communications  haTe 

been  mode,  it  will  be  reduced  in  the  proportion  of  1  +  « 

to  1.     Therefore  l+'x  =  2,  and  1   +  *  =   */  2,  and  a 

=  ^"2—1. 

When  X  is  anall  in  proportion  to  !,  we  shall  be  very  rear 
the  truth,  by  multiplying  the  number  of  communications  by 
1,414s  and  subtracting  0,5  from  the  product.  The  remain- 
der shews  how  often  the  charge  of  the  plate  is  contained  ia 

that  of  the  jars,  or  — . 

Thus  may  the  perfect  equality  of  two  jars  be  ascertained; 
and  the  one  which  exceeds,  on  trial,  may  be  reduced  to  equa- 
lity by  cutting  off  a  little  of  the  coating.  An  electrician 
should  have  a  pair  of  smalt  jars  or  phials  so  adjusted.  It 
will  serve  to  discover  in  a  minute  or  two  the  mark  of  one- 
half  electricity  for  any  electrometer,  and  for  any  degree ;  as 
also  for  measuring  jars,  balteriee,  shocks,  &c.  much  more  ac- 
coratety  than  any  other  method :  because  such  phials,  con- 
structed as  we  shall  describe  immediately,  may  be  made  so 
neutral,  and  so  retentive,  that  the  quantity  which  dissipates 
during  the  handling  becomes  quite  insigniGcant  in  propor- 
tion to  the  quantity  remaning  ;  whereas,  in  all  experiments 
with  electrometers,  constructed  with  the  most  curious  atten- 
tion, the  dissipations  are  great  in  proportion  to  the  whole, 
and  are  capricious. 
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H'I64s  It  waa  chiefly  by  ihis  method  that  the  writer  of  this 
nicle,  having  read  Mr  Cavendish's  paper,  compureil  the 
s  given  by  experiment  with  Uiose  which  result  I'rom 
OH  aciion  in  the  inverse  duplicate  ratio  ol'  the  distance.  Wheo 
the  charges  were  moderate,  the  coincidence  was  perfect;  when 
the  chargeti  were  great,  the  iarge  plates  contained  a  little  more. 
This  is  plainly  owing  to  iheir  being  less  disponed  to  dissipate 
from  the  edges. 

1C5.  We  inay  now  follow  with  some  conGdcnce  the  prac- 
tical maxims  deducihle  from  the  theory  for  tlie construction 
of  this  .lecumulaling  .ipparalus.      The  theory  prescribes  n 
very  conducting  coating,  in  close  and  uninterrupted  contact : 
It  prescribes  an  extensive  surface,  and  a  thin  plate  of  iilio* 
electric  substance.    Accordingly  all  these  are  in  fact  atlend- 
V  «d  by  a  more  powerful  effect.    Metal  is  found  to  be  far  pre- 
mble  to  Water,  which  was  first  employed,  having  been  sup 
■'lasted  by  the  original  experiments  of  Gray,  Eleist,  and  Cu- 
pltBus.     A  continuous  plating  is  prescribed,  in  preference  (o 
c  methods  commonly  practised;  such  as  filling  the  jar 
iHth  brass  dust,  or  gold  leaf,  or  covering  its  surface  with  fil- 
s  stuck  on  with  gum  water,  or  coating  the  in^de  with  an 
malgam  of  mercury  and  tin.     This  last  appears,  by  reflec- 
ion  from  the  outside,  to  give  a  very  continuous  coating; 
iUt  if  we  hold  the  jar  between  the  eye  and  the  light,  we  may 
jerceive  that  it  is  only  hke  the  covering  with  a  cobweb.  Yet 
c  cases  where  these  imperfect  coatings  only  are  prao- 
cable,  and  some  rare  ones  where  they  are  preferable.     In 
Aie  medical  exhibition  of  electricity,  where  the  purpose  in- 
tended is  supposed  torequirethe  transfusion  of  a  great  quan- 
Sty  of  the  electric  fluid,  any  thing  that  can  diminish  the  irt 
Iflting  smartness  of  the  spark  is  dcNrable.     This  is  great- 
W^  effected  by  those  imperfect  coatings.    Small  shocks,  whidi 
convey  the  same  quantity  of  fluid  with  the  sharp  pungent 
and  alarming  spark  from  a  large  surface,  are  quite  suft  and 
inuffenuve,  greatly  resembling  the  spasmodic  quivering, 
t  flometimes  felt  in  the  lip  or  eye-lid,  and  will  not  alarm  the 
I  most  fearful  patient. 
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1 66.  Clow-  conloct  of  the  metallic  coating  is  observed  to  !»• 
crease  the  effect  of  the  charge.  But  it  is  also  found,  thai  it 
greatly  increases  the  risic  of  bursting  the  glass  b^  spont^ 
Deouedischargc  through  its  substance.  An  expeheDced  elec- 
trician (we  think  it  is  Mr.  Brookes  of  Norwich)  saj's,  tliat 
since  he  has  employed  paper  covered  with  tiDfoil,  with  the 
paper  next  the  glass,  instead  of  the  foil  itself,  he  has  never 
haH  ajar  burst;  whereas  the  accident  has  been  very  frequent 
before.  The  theory  justifies  this  observation.  Paper  is  on 
imperfect  conducior,  even  when  soaked  with  flour  paste;  and 
the  transfusion,  though  rapid,  is  not  instantaneous  nor  de- 
Gultory,  but  begins  faintly,  and  swells  to  a  maximuiD.  It 
operates  on  the  glass.  like  gradual  warming  instead  of  the 
sudden  application  of  great  heat. 

167.  Mr.  Cuthbertson,  an  excellent  artist  in  all  electrical 
apparatus,  and  inventor  of  the  l>est  air-pump,  bos  made  a 
curious  observation  on  this  subject.  He  nays  that  he  baa 
uniformly  observed,  that  jars  take  a  much  greater  charge 
(nearly  one  third).  If  the  inside  be  considerably  damped,  by 
blowing  into  it  with  a  tube  reaching  to  the  button)  (Nkhol- 
san't  Jw.mat,  March  179f()- — We  must  acknowledge,  that 
we  can  form  no  distinct  conception  of  what  Mr.  Cutbbert- 
son  calls  an  undulation  of  the  elastic  atmosphere.  We  do  not 
know  whether  he  means  that  the  atmosphere  is  actually  un- 
dulating Ai  water,  or  as  air  in  the  production  of  sound,  its 
parts  being  in  a  reciprocating  motion  ;  or  whether  he  only 
means  that  this  atmosphere  consists  of  quiescent  strata,  alter- 
BBtely  denser  and  rarer.  Nor  can  we  form  any  ootion  bow 
«ther  of  these  undulations  amtributes  to  the  explosion,  or 
prevents  it.  We  are  really  but  very  imperfectly  acqu^nh 
ed  with  that  part  of  the  science  which  should  determine  the 
precise  accumulation  thai  produces  the  desultory  transfer* 
cnce.  We  mentioned  one  necessary  consequence  of  tbe  ac> 
tion  inversely  as  the  square  of  the  distance,  which  has  some 
relation  to  this  question,  viz.  that  a  particle,  making  part  of 
a  spherical  surface,  is  twice  as  much  repelled  when  it  btt 
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It  quitted  the  surface  as  wIicd  it  made  part  of  it,  provided 
its  place  be  immediately  supplied.  And  nnotlier  circumstance 
has  beeo  freijuently  mentioned,  bis.  llmt  a  greater,  and  per- 
haps  much  greaier,  force  is  necc)»ary.  for  enabling  a  particle 
of  fluid  to  (juit  the  last  series  of  particlesof  the  »olid  matter 
iban  for  producing  almost  any  cansllpation.  But  we  are  not 
certain  that  these  circtimstances  are  ofsuflkient  inBuence  to 
explain  the  whole  of  the  went.  Valtaal  ijuarUum  valert  pas- 
lint.  Yet  we  are  of  opinion  that  Mr.  Cuthbertson  lias  as- 
signed the  true  cause,  namely,  the  imperfect  coating  of  the 
inside  of  the  glass.  When  vecometo  theexplanation  of  the 
Moapeufelectridty  along  imperfect  conductors,  wc  liope  that 
it  will  ajipear,  that  the  ilis]>osition  to  escape  must  be  great- 
ly diminialiL'd  by  a.  charge,  which  dispioses  tlie  fluid  su,  that 
in  no  place  (he  constipation  is  remarkably  greater  than  in 
anotJier  part  very  near  it,  and  the  density  changes  every- 
where sloffly. 

168.  With  respect  to  the  form  of  the  coated  ghiss,  the 
theory  prescribes  that  which  will  occasion  such  a  distribu- 
tion of  the  electric  fluid  as  shall  make  its  repulsion  for  the 
1  in  the  canal  which  connects  it  witli  the  prime  conduc- 
s  little  as  possible.  In  this  resjteot,  it  would  seem  that 
e  u  the  best,  and  a  globe  the  wors', :  but  if  both  are 
f  thin,  the  diflc^rcnce  cannot  be  considerable.  Our  expe- 
S,  however,  seems  to  indicate  the  oppo^le maxim  as  the 
>t  proper.  We  huvc  uniformly  found  a  globe  to  be  far 
kfenblc  to  a  plate  of  the  same  thickness,  and  that  a  plate 
tsgenerally  the  weakest  furm.  It  must  be  owned,  that  we 
e  not  yet  been  able  to  ascertain  by  the  theory  wiiat  is  the 
t  diuribution  of  the  redundant  fluid  in  a  plate.  In  a 
sphere,  it  must  be  uniformly  spread  over  the  surface.  We 
muM  ako  ,' scribe  part  of  the  inferiority  ol'  the  plate  to  its 
greater  tendency  to  dissipation  from  the  edges.  If  a  plate 
be  coaled  in  a  star-like  fiirm,  with  slender  projecting  points, 
wc  fha.ll  observe  them  luminous  in  the  dark,  almost  at  the 
beginning  of  the  accumulation  ;  and  the  plate  will  discharge 
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itself  by  these  points,  ovtr  the  uncoatcd  part,  before  It  E 
attained  any  considerable  strength.  Those  forms  are  least 
exposed  to  this  deterioration  whicii  have  llie  least  circumfer- 
ence to  tlie  same  quantity  of  surface.  We  have  always  found, 
that  a  square  coating  will  not  receive  a  more  powerful  charge 
without  exploding  than  a  circular  one  of  the  same  breadth) 
althoughit  contains  a  fourthmore  surface;  and  this  allliougb 
any  visible  escape  from  the  angles  be  prevented  by  covering 
the  outline  with  sealing  wax.  Of  all  forms,  therefore,  a  globe, 
witli  a  very  narrow,  but  long  neck,  is  the  most  retentive. 
But  it  is  very  difficult  to  coat  the  Inadc  of  such  a  vcsmL 
The  balloons  used  in  chemical  distillations  m»ke  excellent 
jars,  and  can  be  easily  coated  internally  when  the  neck  will 
admit  the  hand.  The  thinnest  of  tinfoil  may  be  used,  by 
first  pasting  it  on  paper,  and  then  applying  it  either  with  the 
foil  or  the  paper  next  the  glass.  It  should  be  cut  into  gus- 
sets, as  in  the  covering  of  terrestrial  globes ;  and  thoy  should 
be  put  on  overlapping  about  half  an  inch.  The  middle  of 
the  bottom  is  tlien  coated  with  a  circular  piece.  The  great 
bottles  for  holding  the  mineral  acids  are  also  good  jars,  but 
inferior  to  the  balloons,  because  tliey  are  very  thick  in  the 
bottom,  and  for  some  distance  from  it,  A  box  of  balloons 
contains  more  effective  surface  than  an  equal  box  of  jars  of 
the  same  diameter  and  height  of  coating. 

109.  The  most  compendious  battery  may  be  made  in  the 
following  manner ;  Choose  some  very  flat  and  thin  pones  of 
the  best  crown  glass,  coat  a(nrcle  (abed),  (Plate  II.  fig.  7.) 
in  the  middle  of  boih  surfaces,  so  as  to  leave  a  sufficient  bor- 
der uncoated  for  preventing  a  spontaneous  discharge ;  leteach 
of  them  liave  a  narrow  slip  of  tinfoil  a  reaching  from  the  coat- 
ing to  ttic  edge  on  one  side,  and  a  similar  slip  c  leading  to 
ihe  opposite  edge  on  die  other  side.  Lay  them  on  each 
other  so  that  the  slips  of  two  adjoining  plates  may  coincide. 
Connect  all  the  ends  of  these  slips  on  one  side  together  by* 
slip  of  tlie  same  foil,  or  a  wire  whjch  touches  them  all.  Thi 
connecting  one  of  these  collecting  slips  with  the  pn»e  ^ 
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ductOTf  tad  the  other  with  the  ground,  we  may  charge  And 
discharge  the  whole  together.  If  the  panes  be  round,  or 
exact  squares,  we  may  employ  as  few  of  thein  together  as 
we  ploafe,  by  setting  the  whole  in  an  open  frame,  like  an  old- 
fai^ioneJ  plate-wanner ;  and  then  turning  the  set  which  we 
would  employ  together  at  riglit  angles  to  tJie  rest.  This  evi- 
dently detaches  tlic  two  parcels  from  each  other.  This  bat- 
tery may  be  varied  in  many  ways;  and  if  the  wliole  ia  al- 
ways to  be  employed  together,  we  may  make  it  extremely 
retentive,  by  covering  the  uncoated  border  of  the  plate  with 
melted  pitch,  and,  while  it  is  soft,  pressing  down  its  neigh- 
bour on  it  till  the  metallic  coatings  touch.  For  greater  va- 
nalMlity  this  may  be  dune  in  parcels  of  the  whole. 

170.  On  tile  same  principle,  a  most  compendious  battery 
may  be  made  by  alternate  layers  of  tinfoil  and  hard  varnish, 
or  by  coating  plates  of  very  clear  and  dry  Muscovy  glass. 
But  these  must  be  used  with  caution,  lest  they  be  burst  by 
B  spontaneous  discharge ;  in  which  case  wc  cannot  discover 
where  tlie  flaw  has  happened.  They  make  a  surprising  ac- 
cumulation, without  shewing  any  vivid  electricity. 

171.  We  have  made  a  very  fine  electric  phial  for  carrying 
about,  by  forming  tin-plate  (iron  plate  tinned)  into  some- 
what of  n  phial  shape,  with  a  long  neck.  We  then  covered 
this  with  a  coating  of  fine  sealing  wax,  about  ^th  of  an 
inch  thick,  quite  to  the  end  of  the  neck,  and  cooted  the  seal- 
ing wax,  all  but  the  neck,  with  tinfoil.  It  is  plain  that  the 
!tealiiig  wax  is  the  coated  idio-electric,  and  that  the  tin-plate 
phial  serves  for  an  inner  coating  and  wire.  The  dissipation 
i)  almost  nothing  if  the  neck  be  very  small ;  and  it  only  re- 
i^uires  a  little  caution  to  avoid  bursting  by  too  high  a  charge. 
Even  this  may  be  prevented  by  coating  the  sealing  wax  so 
near  to  the  end  of  the  neck,  that  a  spontaneous  discharge 
must  happen  before  tlie  accumulation  is  too  great. 

173.  It  is  well  known  that  the  discharge  happens  when 
tbedischarging  balls  are  at  a  couuderable  distance  from  each 
other;  therefore  only  «a  much  is  discharged  as  corresponds 
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to  that  distance.  This  is  one  cause  of  the  residuaoi  of  a 
discharge  which  sometimes  is  pretty  conuderable.  Some 
experiments  require  the  very  utmost  force  of  the  charge.  It 
is  therefore  proper  to  make  the  discharge  as  dose  and  abrupt 
as  pos^ble^  But  the  most  rapid  approach  that  we  can  make 
of  the  discharger  is  nothing  in  comparison  with  the  Tekxaty 
with  which  the  fluid  seems  to  fly  off,  and  will  therefore  have 
but  small  influence  in  making  a  more  instantaneous  and 
com{dete  discharge.  Theory  pmnts  out  the  following  me- 
thod :  Let  a  very  thick  plate  of  glass  (half  an  inch)^  of  se* 
veral  inches  diameter,  be  put  between  the  discharging  faalli^ 
which  should,  in  this  case,  be  small,  and  let. these  balb  be 
strongly  pressed  against  it  by  a  spring.  While  the  chaige 
is  going  on,  a  very  small  part  of  the  glass  plate,  round,  the 
points  of  contact,  will  receive  a  weak  and  useless  charge;  but 
this  will  not  hinder  the  battery  from  acquiring  the  same  in- 
tensity of  charge.  When  this  is  completed,  let  the  inter- 
vening glass  plate  be  briskly  withdrawn.  The  discharge 
will  begin  with  an.  intensity  which  is  unattainable. in  the  or- 
dinary manner  of  proceeding. 

173.  Much  has  been  said  of  the  lateral  explouon.  It  ap- 
pears, that  in  some  of  the  prodigious  transferences  of  elec- 
tricity that  have  taken  place  in  the  discharge  of  great  sur- 
faces through  wires  barely  sufficient  to  conduct  them,  flashes 
of  light  are  thrown  off*  laterally ;  but  the  most  delicate  elec- 
trometer, it  is  said,  is  not  affected.  The  fact  is  not  accu- 
rately narrated;  we  "have  always  observed  a  very  delicate 
electrometer  to  be  affected.  The  passage  of  such  a  quanti- 
ty of  fluid  is  almost  equivalent  to  the  co-existence  of  it  in 
any  given  section  of  the  wire ;  but  it  remains  there  for  so 
short  a  time,  that,  acting  as  an  accelerating  f(m»,  it  cannot 
produce  a  very  sensible  motion.  It  is  like  the  dischaigiing 
a  pistol  ball  through  a  sheet  of  paper  han^g  loosely.  It 
goes  through  it  without  very  sensibly. agitating  it. 

174.  It  has  sometimes  appeared  to  us  probable  that,  by 
means  of  this  lateral  explosion,  the  direction  of  the  current  may 
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be  discovered.  Let  the  jar  a  h  (Plate  II.  %.  8.)  be  discliarged 
hy  a  wire  acdcb,  interrupted  alcdhy  llie  coating  of  a  very 
ihin  plate  ol'  talc  ;  let  the  coaling  alw)  be  very  tbln.  There 
inuet  be  stnnc  obstruction  to  the  niolion,  wliich  must  cause 
the  fluid  to  press  on  ill e  Bidesor  surfaces  of  the  coating,  jti&t 
as  the  obstruction  to  the  motion  of  water  in  a  pipe  (arising 
fruni  friction,  or  even  from  niaicrial  obstacles  in  the  pipe) 
causes  the  water  to  press  on  the  sides  of  the  pipe.  Ttiercs- 
ibrc  if  a  wire  ■  i  connect  the  other  coaling  with  the  groundt 
»»-c  should  expect  that  fluitl  will  be  expelled  along  this  wire, 
and  a  charge  be  given  to  ihc  plate  of  talc.  Now  whether 
the  course  in  thii  apparatus  l>e  IVoiii  h  to  a^  or  from  a  to  h, 
if  any  charge  lie  acquired  hy  c  il.  it  will  probably  be  positive 
in  c  d,  and  negative  iu  ■  i ;  for  it  is  electric  fluid  that  is  suj}- 
sed  to  pass:  therefore  we  should  always  have  one  species 
f  electricity,  whether  a  lias  been  charged  by  glass  or  by 
ling  wax ;  and  this  species  will  indicate  which  is  poatjve. 
Ne  hare  said  "  proliably" — for  il  is  not  iuipossible  that  it 
My  be  otherwise.  If  the  abstraction  at  (f  be  supposed  more 
lowcrful  tlian  the  supplying  force  at  c,  the  same  obstruo 
1  may  perhaps  keep  the  plate  cd  in  an  abtorlnng  state, 
It  OS  water  descending  in  a  vertical  pipe,  into  which  it  is 
I  by  a  very  small  head  of  water  in  tJie  cistern,  instead 
^pressing  tlie  sides  of  the  pipe,  rather  draws  ihem  inwards, 
Kb  welt  known.  This  seemii,  at  any  rate,  an  interesting 
timent;  for  we  must  ackwiwlLdgej  that  there  still 
tags  8  mysterious  curtain  before  a  theory  which  deduces 
bmuehlroni  the  presence  of  a  substance  which  we  have 
r  been  able  to  exhibit  alone,  and  where  we  do  not  know 
when  il  abounds  and  when  it  is  deficient.  It  is  like  the 
phlogiston  of  Slahl,  or  the  caloric  of  l.avobier.  It  will  be 
proper  to  use  the  thinnest  plate  of  talc  to  be  charged,  and 
to  connect  it  with  anotlicr  coated  pbtc  of  half  the  diameter, 
or  less,  in  order  to  increase  the  accuinulalion.  It  seems  by 
no  means  n  desperate  case. 
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The  theory  of  coated  glass  now  explained,  might  hSTB 
been  treated  wltli  more  precision,  and  the  formulae  deduced 
in  the  beginning  of  thiB  article  might  have  been  employed 
for  stating  the  sum  total  of  the  acting  forces,  and  thus  de- 
inoDstrating  with  preci^on  the  truth  of  the  general  result ; 
and  indeed  it  was  with  such  a  view  that  they  were  premised : 
but  they  would  have  been  considerably  complicated  in  the 
present  case ;  for  however  thin  we  suppoEe  the  tinfoil  coal- 
ings to  be,  it  is  evident  from  5  99,  &c.  that  each  coating  will 
eonsist  of  three  strata ;  of  which  the  two  outemioat  are  ac- 
tive, and  must  have  their  forces  stated,  and  tlie  statement 
of  the  force  of  each  stratum  would  have  consisted  of  ihrcc 
terms.  This  would  have  been  very  embarrassing  to  some 
readers;  and  the  force  of  the  conclusion  would  not,  after 
all,  have  been  much  more  convincing  than  we  hope  the 
above  more  loose  and  popular  account  has  been. 

17.5.  We  have  Iiilherto  considered  the  non-electtic  coat- 
ings only,  and  have  not  attended  to  wliat  may  cliance  to  ob- 
tain in  the  substance  of  the  coated  electrics  themselves. 
May  not  part,  at  least,  of  the  redundant  fluid  be  lodged 
in  one  superficial  stratum  of  the  glass  ?  or,  if  it  do  not  pe. 
nctratc  it,  may  it  not  adhere  to  the  surface,  and  drive  off 
from  the  other  surface,  or  stratum,  a  part  of  what  naturally 
adheres  toil?  Till  Dr.  Franklin's  notions  on  the  subject  be- 
came prevalent,  no  person  doubted  this.  The  electric  was 
supposed  to  contain  or  to  accumulate  in  its  surface  all  the 
electricity  that  we  know.  But  the  first  suggestion  of  Dr. 
Franklin's  experiments  certainly  was,  that  the  electric  plate 
or  vessel  acted  merely  as  an  obstacle,  preventing  the  fluid 
from  flying  from  the  body  where  it  was  redundant  to  that 
where  it  was  deficient.  It  is  therefore  an  important  ques- 
tion in  the  science,  whether  the  glass  or  electric  concerned 
in  these  phenomena  serve  any  oilier  purpose  besides  the 
mere  prevention  of  the  redundant  Huid  from  flying  to  the 
negative  plate  ? 

1 7G.  Now  it  appears,  at  the  very  first,  that  this  is  the  o 
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r  ifa  glass  be  coated  only  on  one  side,  aaH  he  electrified 
B  that  side,  we  obttun  a  strong  spark  from  the  other  side  hj 
bringing  the  knuckle  near  it;  and  this  may  be  obtained 
for  some  time  from  one  spot  of  that  surface ;  and  after  this 
we  get  no  more  from  that  spot,  but  get  sparks,  wiili  the 
soine  vivacity,  and  in  the  same  numbt^r,  from  any  other 
spot  tliat  is  opposite  to  the  coating  on  the  other  side.  Iti 
this  manner  we  can  obtain  a  succession  of  sparks  from 
every  inch  of  surface  opposite  to  tlie  coating)  and  from  no 
other  part.  But  what  puts  this  question  beyond  all  doubt 
is,  that  if  we  now  lay  a  metal  coating  on  the  surface  from 
which  (he  sparks  have  been  drawn  in  this  manner,  and 
make  a  communication  between  the  two  metallic  coatings,  by 
means  of  a  bent  wire,  we  obtain  a  perfect  discharge.  To 
mplete  the  proof,  we  need  only  obser^'c  that  this  experi- 
snt  succeeds  whether  the  glass  has  been  electrified  by 
uaXeA  glass  or  by  excited  seahng-wax.  Therefore  the 
Mted  surface  may  receive  the  electric  fluid  by  the  coaling, 
i  we  see  plainly  that  it  is  abstracted  by  the  coating.  The 
e  of  the  coatings  may  be  nothing  more  than  to  act  as  con- 
dtKtors  to  every  part  of  the  surface  of  the  electric.  None 
of  these  thoughts  escaped  the  penetrating  and  sagacious 
mind  of  Br.  Franklin.  He  immediately  put  it  to  the  test 
of  experiment ;  and  laying  a  moveable  metallic  coating  on 
both  surfaces,  he  found  the  glass  charge  perfectly  well-  He 
lifted  off  the  coatings :  which  operation  was  accompanied  by 
flashes  of  light  between  the  metallic  coverings  and  the  glass 
(nm  which  he  separated  them.  Having  removed  the  coat- 
ings, he  applied  others,  completed  the  circle,  and  obtained  a 
perfect  discharge,  not  disUnguishable  from  what  he  would 
have  obtained  from  the  first  coatings. 
y  177.  Thus  it  was  deraonsi rated,  that  the  glass  plate  itself 
touired  by  charging  a  redundant  >^tratum  on  one  side,  and 
eficient  sirntum  on  the  other  side ;  and  we  now  see,  at 
,  the  reason  xvhy  the  accumulation  turns  out  greater 
B  what  is  determined  by  the  theory.     The  distance  be- 
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twcen  the  redundant  and  deficient  stratum  js  less  than  the 
thickness  of  the  glass ;  and  this,  perhaps,  is  an  unknown 
proportion. 

This  precious  expeViment  of  Dr  Franklin  was  repeated  by 
every  electrician,  and  varied  in  a  thousand  ways.     No  phi- 
losopher has  carried  this  research  farther  than  Beccaria; 
and  he  has  given  ground  for  a  most  important  discovery  in 
the  mechanical  theory,  namely,  that  tiie  charged  glass  has 
several  strata,  of  inconceivable  thinness,  alternately  redund- 
ant and  deficient  in  electric  fluid ;  and  that  by  contimiiog 
the  electrification,  these  strata  penetrate  deeper  into  the 
glass,  and  probably  increase  in  number.     We  have  not 
room  here  to  give  even  an  account  of  his  experiments,  and 
must  refer  the  philosophical  and  curious  reader  to  that  part 
of  his  valuable  Treatise  where  he  treats  of  what  he'  calls 
viMdlcating  or  rcoovering  eUctrtdly ;  as  also  to  a  paper  by  Mr. 
Henley  in  Phil.  Trans,  for  1766,  giving  an  aooonnt  of  ex- 
periments cm  Dutch  plates  by  Mr.  Lane.   The  general  form 
of  the  experiment  is  this.     He  puts  two  plates  together; 
ho  coats  the  outer  surfaces,  and  cluucges  and  discharges  them 
as  one  thick  plate.      Their  inner  touching  surfaces  are 
found  strongly  electrical  after  the  discharge,  having  Oppo- 
site electricities,  and  changing  these  electricities  by  repeat* 
cd  seprjrations  and«replacings,  in  a  way  seemingly  very  ca- 
pricious at  first  sight,  but  \\hich  the  attentive  readervill 
find  to  be  according  to  fixed  laws,  and  agreeably  to  the  sup- 
}X)sition  that  the  strata  gradually  shift  tlieir  places  within 
the  glass,  very  much  resembling  what  we  observe  in  a  loag 
glass  rod  which  we  would  render  electric  by  induction.    In 
this  case,  as  was  observed  in  §  57.  there  are  observed  more 
than  one  neutral  point,  &:c. 

178.  Mr.  Cavendish  endeavours  to  give  us  somenotk>n 
of  the  disposition  of  the  fluid  in  the  substance  of  the  glass 
in  the  follow  ing  manner :   Having  separated  the  coated  plate 
from  the  machine  and  ftvm  the  ground,  suppose  a  little   oC 
tlie  rtnlundani  Huiil  inB  fi  tf  D  (  Piale  II.  fig.  9.)  equal  to  tl^c 
flnid  wanting  in  E  ^  ^  V.    If  we  now  suppose  all  the  reduced 
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ant  fluid  to  be  lodged  in  bfitd^  and  etpf  to  hold  all  the  re- 
dundant matter,  and  the  two  coatings  to  be  in  their  natural 
state,  a  parUcIe  p,  placed  in  the  middle  of  the  surface  b  </, 
"will  be  nearly  as  much  attracted  by  tf/f  as  it  is  repelled 
by  bfi^d  (exactly  so  if  the  plates  were  infinitely  extended)  ; 
and  if  the  coating  be  removed,  keeping  parallel  and  opposite 
to  tlie  surface  that  it  quits,  there  will  be  very  little,  if  any^ 
tendency  to  fly  from  the  glass  to  the  coating ;  there  will  ra- 
ther be  some  disposition  in  the  fluid  to  quit  die  coating  and 
fly  to  the  glass;  because  the  repulsion  of  6  fiidis  more  dimin- 
ished than  the  attraction  pf  • «  f  /  (  §  42.)  But  the  difference 
will  be  very  small  indeed.  (N,  B.  The  result  would  be 
very  different  if  eleetrip  aption  followed  a  different  law. 

Were  it  as   -jtzj  the  coating  would  be  much  overcharged  ; 

1 

and  were  it  as  -nr,  it  would  be  very  much  undercharged.) 

Now  the  fact.is,  that  when  the  coating  is  carefully  removed, 
it  is  possessed  of  very  little  electricity,  not  more  than  may 
reasonably  be  supposed  to  run  into  it  by  bringing  away  one 
part  before  another.  It  is  impossible  to  keep  it  mathcmati- 
cally  parallel. 

Hence  we  may  conclude  that  th^  greatest  part  of  the  re- 
dundant fluid  is  lodged  in  the  glass  if  the  plates  be  thin,  and 
the  redundant  fluid  bear  but  a  small  proportion  to  the  natu- 
ral quandty.  Similar  reasoning  shews  that  the  greatest  part 
of  the  deficiency  is  in  the  other  side  of  the  glass ;  and  that 
therdbre  the  coatings  are  very  nearly  in  their  natural  state, 
and  merely  serve  the  purpose  of  cwducting. 

We  have  employed  coatings  of  considerable  thickness, 
having  holes  through  them,  opposite  to  which  was  some  gold 
leaf  of  the  heaviest  sort,  and  almost  free  of  cracks.  We 
have  examined  the  state  of  the  bottom  of  those  pits  in  Mr. 
Coulomb^s  manner,  and  always  found  them  void  of  clectri- 
<iity. 
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179.  Thus  we  learn  that  glass,  and  probably  all  other 
electrics,  acquire  redundant  and  deficient  strata  as  wdl  as 
the  most  perfect  canduct<Nrs,  at  the  same  time  that  thejrautjr 
be  impervious  to  the  fluid ;  and  we  get  some  mode  rfcoo*' 
ceiving  how  the  rupture  happens  by  a  strong  diarge.  This 
may  rery  probably  happen  when  the  strata  hare  formed,  in 
ahemate  order,  4o  deep  in  the  glass,  that  a  stratum,  in 
which  the  fluid  u  crowded  dose  together,  may  become  ooii» 
tiguous  to  one  deprived  altogether  of  fluid.  We  oamio^ 
however,  say  with  confidence,  what  thmJd  be  the  dfect  of 
this  state  of  things ;  or  of  oiie  constipated  stratum  coming 
in  contact  with  another. 

This  view  of  the  condition  of  chaiged  glass  exfdains  {we 
think)  several  phenomena  which  seem  not  well  understood 
by  electricians. 

180.  The  residuum  of  a  discharge  is  frequently  owing  to 
a  charge  extending  beyond  the  ooatiug,  where  the  action  is 
considerably  irregular,  or  diflferent  finom  what  it  would  be  if 
the  plates  ware  infinitely  extended.  This  mUHm  chaige  is 
taken  up  by  the  coated  part  after  a  very  little  whil^  and 
may  again  be  discharged.  But  it  also  frequently  arises  from 
another  stratum  (much  thinner,  as  it  will  always  be)  than 
tlie  exterior  one,  coming  to  the  surface  some  time  after  the 
first  discharge,  and  being  now  in  a  condition  for  being 
charged.  It  explains  the  sparkling  that  is  perceived  w 
cc9siim  between  the  parts  of  a  jar  that  is  coaled  in  spots^ 
during  the  charge,  and  the  very  sensible  residuum  of  the 
charge  of  such  a  vessel.  It  explains  the  phenomena  of  Beo» 
caria^s  Elcdriatas  Vmdex  (see  ELSCTmiciTT,  JStuyd.)  and 
the  great  difference  that  may  be  found  in  the  difierait 
kinds  of  s^lass  in  this  respect  It  explains  the  great  diflier* 
ence  between  the  sensation  occask>ned  by  a  qpark  from  a 
|>cr(ectly  conducting  surface  of  considerable  extent,  and  that 
fXt^a5aoi>cd  by  a  sthock,  which  conveys  the  same  quanti^  of 
Huid  .icouniulatcd  in  a  small  surface  of  glass.  Thedischaige 
of  tiic  fii^t  is  almost  instantaneous,  while  that  ot  the  last 
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requires  ft  flmall  moment  of  time,  ftnd  is  thei^ore  less  desul- 
toiy  and  abrupt.  The  one  is  pungent  and  startling ;  but 
the  other  is  aofter  in  the  first  instant,  and  swells  to  a  maxi- 
mum. Therefore,  in  tiie  medical  emplojnoBent  of  electricity, 
when  the  pukpoee  is  to  be  efiected  by  the  transfusion  of  a 
great  quantity  of  electric  fluid,  we  should  recommend  very 
small  abocks  from  a  very  large  surface  of  coated  glass,  very 
funtly  electrified,  in  place  of  strong  sparks.  Patients  of 
irritaUe  constitutioBs  are  frequently  alarmed  by  the  quick* 
ness  and  pungent  of  strong  sparks:  but  if  the  balls  of 
Lane*8  shods-measurer  be  aet  so  close  as  to  give  four  of  five 
shocks  in  each  turn  of  a  seven  inch  cylinder,  the  shocks  are 
not  even  disagreeablew  Tlie  balls  should  be  made  of  fine 
copdled  silva :  in  which  case,  the  surface  will  never  be  hurt 
by  the  greatest  discharge ;  whereas  the  discharge  of  fi>ur 
square  feet  of  coated  glass  will  ruse  such  a  roughness  on  the 
surface  of  brass  tm  wiU  cause  it  to  sputter,  and  destroy  en- 
tirely the  regularity  of  the  expenditure  of  fluid.  The  same 
consideration  should  make  us  fweier  a  jar  coated  internally 
with  amalgam.  This  cobweb  coating  gives  a  greater  soft- 
ness to  the  shodc  Lastly,  we  see  why  a  powerful  and  per- 
manent electricity  was  not  produced  in  the  tube  filled  with 
melted  sealing  wax,  and  treated  as  mentioned  in  §  101.  The 
redundancy  and  deficiency  intended  to  be  produced  could 
only  be  superficial.  And  because  the  wax  cooled  by  de- 
grees from  the  surface  to  the  nxis,*and  the  wax  is  a  conduc« 
tor  while  liquid,  it  must  have  taken  a  charge  at  last ;  and 
therefore  must  appear  but  laintly  electrical. 

181.  This  account  of  the  state  of  charged  glass  promises 
us  some  asinstance  in  our  attempts  to  conceive  what  passes 
in  the  excitation  of  glass  by  friction.  It  appears  from  Bec- 
caria^s  experiments,  that  the  redundant  fluid  is  lodged  in* 
the  same  manner  in  both  cases ;  for  by  rubbing  one  side  ot 
a  glass  tumbler,  wUle  points  were  presented  to  th^  opposite 
surface,  and  were  connected  with  a  wire  that  communicated 
with  the  ground,  he  gave  it  a  powerful  charge. 
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182,  It  is  observed)  that  nrhen  the  laminae  of  a  piece  of 
Muscovy  glass  are  separated,  by  pulling  th^m  asunder  with- 
out inserting  any  instrument  between  them,  they  are  electri- 
cal when  squirated ;  one  being  positive,  and  the  other  nega- 
jtive.  Must  we  not  conclude  from  this,  that  when  oonjiHned 
they  were  in  the  state  of  charged  glass  ?  If  we  take  this 
view  of  it,  a  body  may  contwi  a  prodigious  quantity  of  elec- 
tric fluid  without  exhibiting  any  appearance  of  it.  Mr. 
Nicholson  found,  by  a  very  fair  computation  from  his  expe- 
riments, that  a  cubic  inch  of  talc,  when  split  inta  plates  of 
0,011.  of  an  inch  in  thickQess,  and  coated  with  gold  leaf, 
gave  a  shock  equal  to  the  emptying  45  conductors,  each 
seven  inches  in  diameter  and  three  feet  long,  electrified  so 
that  each  gave  a  spark  at  nine  inches  distance.  Now,  the 
whole  of  this  was  moveable  fluid,  and  no  more  than  what 
the  talc  contains  when  unelectrified :  for  no  more  comes  in- 
to the  positive  side  than  goes  out  of  the  negative  side.  Nay, 
there  is  no  probability  that  the  quantity  moveable  in  our 
experiments  bears  a  considerable  proportion  to  the  natural 
quantity.  The  quantity  of  moveable  fluid  in  a  man's  body 
is  therefore  very  great :  and  Lord  Mahon  is  well  authorised 
to  say,  that  the  sudden  displacing  of  this  quantity  in  a  re- 
turning stroke^  which  has  been  occasioned  by  a  discharge  of 
a  cloud  in  a  very  distant  place,  is  fully  adequate  to  the  pro- 
duction of  the  most  violent  efiects.  But  his  Lordship  has 
not  attended  to  the  circumstance,  that  no  such  displacement 
can  happen,  The  accumulation  that  can  be  made  in  the 
human  body  is  only  superficial ;  and  therefore,  although 
the  whole  fluid  of  a  man'^s  body  may  change  its  place,  it  will 
not  change  it  with  the  rapidity  that  seems  necessary  for  the 
violent  eifects  of  electricity,  except  in  the  very  points  (£ 
communication  with  the  surrounding  bodies. 

183.  We  have  now  seen  in  what  sense  the  idio-electrics 
may  be  said  to  be  impervious  to  the  electric  fluid.  It  is  mov- 
(>d  in  them  only  to  very  small  and  imperceptible  distances. 
^Vhcn  a  considerable  stratum  is  discharged,  the  fluid  doe& 
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t'ttrine  from  (He  extremity  of  it  to  the  point  of  <lischarge 
through  the  f^lass,  but  throti^rh  the  coating.  And  when  al- 
ternate strata  of  redundant  Huid  and  redundant  matter  ai% 
formed,  the  partides  is  each  shift  their  places  very  httle, 
moving  jxrrpendicularly  to  the  stratum. 

18*.  Even  this  degree  of  obstruction  has  been  denied  by 
rame  very  active  electricians,  who  iiave  multiplied  experi- 
ments to  prove  that  the  fluid  passes  freely  through  glass, 
and  that  the  theory  of  coated  electrics  n  totally  different 
from  what  Franklin  imagines.      Mr.  Lyons  of  Dover  liaa 
published  a  numerous  list  of  singular  experiments,  which  he 
has  made  with  this  view,  with  much  trouble,  and  no  small 
expence.  They  may  all !«  reduced  to  this :  A  wire  is  brought 
from  the  outside  of  a  phial,  charged  by  the  knob,  and  ter- 
nunates  in  a  sharp  point  at  a  small  distance  from  a  thin  glass 
plate  (it  is  commonly  introduced  into  a  glass  tube,  having  a 
ball  at  the  end,  and  the  point  of  ilie  wire  reaches  to  the  cen- 
tre of  the  ball) ;  and  anulii<;r  wire  is  connected  with  the  dis< 
cihafgiiig  rod,  and  also  comes  very  near  (and  frequentljr 
close)  to  the  other  side  of  the  glass,  opposite  to  the  pointed 
wire.      With  this  apparatus  lie  obtains  a  discliarge  ;  and 
therefore  says,  that  t!ie  gloss  is  permeable  to  electricity. 
But  he  does  not  narrate  all  the  circum^anccs  of  the  experi- 
ment.     We  have  repeatwl  all  of  them  that  hove  any  real 
tlifference  (for  most  of  them  arc  tlie  same  fact  in  diftercnt 
fonns),  and  we  have  obtained  discharges  i  But  they  were 
»ll  very  incomplete,  except  when  the  glass  was  peri'oraled, 
which  happened  very  frequently.    Thedischarge  was  never 
made  witli  a  full,  bright,  undivided  spark,  and  loud  snap ; 
■  bot  with  sputtering,  and  trains  of  sparks,  contiuui?d  for  a 
H-ttry  sensible  time :  and  the  phml  Wiia  never  deprived  of  a 
Baenaderable  part  of  its  charge;  and  (which  Mr.  Lyons  has 
^Hkken  no  notice  of)  the  glass  is  found  to  be  charged,  nega- 
^MMon  the  side  connected  with  the  pcKilive  side  of  the  phial, 
^HM  ponlive  on  the  other.     This  charge  was  communicated 
^Hto  the  glass  over  a  {irctiv  considerable  surface  round  tla* 
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points  immediately  opposite  tu  the  wires.  This  is  qinte  o 
formable  to  the  cKperiments  of  Dr.  FranlUin  and  Beccsris, 
who  charged  a  tumblL-r  by  grasping  it  with  the  hand,  and 
presenting  the  inside  to  a  point  electriiied  by  the  prime  con- 
ductor. Tile  whole  cKperiment  is  analogous  to  the  one  nar- 
rated in  §  176. 

1S5.  We  may  conclude  our  observations  on  coated  g\asti 
with  mentioning  a  curious  experiment.  A  Sat  stick  of  fine 
sealing  wax,  warmed  till  it  bent  pretty  readily,  was  render- 
cd  permanently  electrical,  with  a  positive  and  negative  pole, 
in  a  manner  analogous  to  the  double  touch  of  magnets.  A 
fiioall  jiir  was  taken,  having  a  hemisphere  on  the  end  of  its 
in»de  wire,  and  another  on  the  end  of  a  stiff  wire  projecting 
from  the  outer  coating,  and  then  turned  up  parallel  to  the 
inside  wire ;  so  that  the  two  hemispheres  stood  equally  high, 
and  about  three  inches  asunder.  This  jar  was  electrified  so 
weakly,  as  to  run  no  risk  of  a  spontaneous  discbarge.  The 
flat  faces  of  the  two  hemispheres  were  now  applied  to  the 
flat  side  of  the  sealing  wax,  and  were  moved  to  and  iro 
along  it,  overpasung  both  ends  about  an  inch  with  each  he- 
misphere. The  experiment  was  very  troublesome ;  for  the 
phial  often  discharged  itself  along  the  surface  of  the  sealing 
wax,  and  all  was  to  begin  again.  But,  by  contiauing  this 
o|>eralion  till  the  sealing  wax  grew  quite  cold  and  bard,  it 
acquired  a  very  sensible  electricism,  which  lasted  several 
weeks  when  kept  with  care ;  but  still  it  was  not  much  more 
sensible  than  that  of  the  sealing  wax,  which  congealed  be* 
Iween  two  globes  oppositely  electrittcd. 

186.  After  this  application  of  the  theory  to  the  pheiuv 
mena  of  coated  glass,  it  will  not  be  necessary  to  employ  much 
time  in  ils  apphcation  to  the  electrophorus.  The  genera) 
propositions  from  §  14-  to  25.  and  their  companions  ia 
S38 — 1<3.  will  enable  us  tostate  with  precision  (when  combiii- 
cd  with  the  law  of  electric  action)  the  actions  of  every  par^ 
of  (his  apparatus ;  and  considerable  assistance  will  be  d 
vcd  from  a  careful  consideratbn  of  our  analyns  of  F 


ELBCTHiciry.  143 

n's  experiment  in  §  156.  But  we  must  content 
ourselves  witli  a  general,  popular  view  of  these  particularst 
which  may  be  sutficient  for  making  us  understand  what  mil 
be  llie  Icind,  and  somewhat  of  the  intentity,  of  iJie  action  of 
its  difiereiit  parts. 

The  electraphorus  consists  of  three  parts.   The  chief  port 

u  Ihe  cake  ABCD  (Plate  11.  fig.  10.)  of  some  electric ;  such 

as  gum  lac,  seizing  wax,  pitch,  or  other  reeinoua  composition- 

This  is  melted  on  some  conducting  plate,  DCFE,  and  allow* 

^^d  to  congeal ;  in  whidi  state  it  is  fonnd  to  be  negatively  eleo 

^■jic  Another  conducting  plate  GHBA  is  laid  on  it,  and  may 

^^pitraised  up  liy  silk  lines,  or  any  insulating  handle.  Wv  shall 

^^1  ABCD  the  CAKE,  DCFE  the  sole,  and  GHBA  the 

COVEB. 

The  general  appearances  not  having  been  so  scientifically 
classed  in  the  article  Electeicuy  as  could  be  wished,  we 
^lall  here  narrate  them,  very  briefly,  in  a  way  more  suited 
to  our  purpose.  In  comparing  the  theory  with  obaervatJoBy 
it  will  be  proper  to  make  all  the  three  parts  of  eonaiderable 
thickness,  and  uf  no  great  breadth.  Although  this  diminish- 
es greatly  the  most  remarkable  of  the  actions,  it  leaves  them 
sufficiently  vivid,  and  it  greatly  increases  the  smaller  chan- 
ges which  are  instructive  in  the  comparison.  The  general 
lads  are, 

1.  If  the  sole  has  been  insulated  dvu'ing  the  congelation 
iif  the  electric,  till  all  is  cold  and  hard,  the  whole  is  found 
ni^atively  electric,  and  the  finger  draws  a  spark  from  any 
part  uf  it,  especially  from  the  sole.  If  allowed  to  remain  in 
il)i9  situatiun,  its  electricity  grows  gradually  weaker,  and  at 
it  disappears :  bul  it  may  be  excited  again  by  rubbing  llie 
Le  with  dry  warm  flannel,  or,  which  is  the  iiest,  with  dry 
D  cat  or  hare  fur.  If  the  cover  be  now  set  on  the 
teby  it^  insulating  handle,  but  wi  thmit  touching  tlie  cover, 
i  again  separated  from  the  cake,  no  electricity  whatever 
Viti  in  the  cover. 
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2.  But  if  it  be  touched  while  on  the  cake,  a  sharp  puit' 
gent  spark  is  obtained  from  it ;  and  if,  at  the  same  time,  the 
sole  be  touched  with  the  thumb,  a  very  senable  shock  is  felt 
in  the  finger  and  thumb. 

3.  After  this,  the  elcctrophorus  appears  quite  inactive^ 
and  is  said  to  be  dead  i  neither  sole  nor  cover  giving  any 
agn  of  electricity.     But, 

4.  When  the  cover  is  raised  to  sofne  distance  from  the 
cake  (keeping  it  parallel. therewith),  if  it  be  touched  while 
in  this  situation,  a  smart  spark  flies,  to  some  distance,  be^ 
tween  it  and  the  finger^  more  remarkably  from  the  upper 
side,  and  still  more  from  its  edge^  which  will  even  throw  off 
sparks  into  the  air,  if  it  be  not  rounded  ofl;  As  this  dimi* 
nishes  tlie  desired  effects,  it  is  proper  to  have  the  edge  S9 
founded.  This  spark  is  not  so  sharp  as  the  former^  and  le- 
sembles  that  from  any  electrified  conductor. 

5.  The  electricity  of  the  cover,  while  thus  raised,  is  of  the 
opposite  kind  to  that  of  the  cake,  or  is  positive. 

6.  The  electricity  of  the  cover  while  lying  on  the  cake  is 
the  same  with  that  of  the  cake,  or  negative. 

7.  The  appearances  §  S,  3, 4,  may  be  repeated  for  a  Very 
long  time  without  any  sensible  diminution  df  their  vivadtyii 
The  instrument  has  been  known  to  retain  its  power  undi^ 
niinishcd  even  for  months.  This  makes  it  a  sort  of  magtt^ 
zine  of  electricity,  and  we  can  take  off  the  electricity  of  the 
cake  and  of  the  cover  as  charges  for  separate  jars,  theoover,- 
when  raised,  charing  like  the  prime  conductor  of  an  ordi« 
nary  electrical  machine ;  and,  when  set  on  the  cake,  charge 
ing  it  like  the  rubber.  This  caused  the  inventCH*)  Mr.  VoIti« 
to  give  it  the  name  of  Electkophokus. 

8.  If  the  sole  be  insulated  before  putting  oti  the  eover^ 
the  spark  obtained  from  the  cover  is  not  of  that  cutting  kind 
it  was  before:  but  the  satiie  shock  will  be  felt  if  both  cake 
and  cover  be  touched  together. 

9.  If  the  cover  be  again  raised  to  a  considerable  height, 
«t]ie  sole  will  be  found  electrical,  and  its  electricity  is  that  of 

the  cake  and  opposite  to  that  of  the  cover. 
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I  After  touching  botli  cover  and  sole,  if  the  cover  be 
1  and  ngain  set  dovn,  wiihout  (oucbing  it  wliile  aloft, 
i  whole  is  agftiti  inactive. 

II.  If  both  cover  mid  sole  be  made  inactive  nhun  joined, 

ihey  shew  opposite  electridticB  when  separated,  the  sole  liav- 

mg  the  electricity  of  the  cake. 

di.  If  both  cover  and  sole  be  made  inactive  when  scpO' 

,  they  both  shew  the  opposite  to  the  electricity  of  llic 

!  when  joined. 

bS7-  l-ei  us  Domr  attend  to  the  disposition  of  the  clectri- 
ftiluid  in  the  ditfercnt  ports  of  the  instrument  in  their  va- 
B  situations,  and  to  tbelbrccs  which  operate  mutually 
between  them.  A''.  B.  Eitperiments  for  examining  this  in- 
Mrament  are  best  mode  by  setting  the  three  plates  vertical- 
I  u  supported  on  glass  stalks,  with  leaden  feet  to  steady  them. 
\  very  small  electrometer  may  be  attached  to  the  outer  sur- 
i.tces  of  tlie  cover  and  sole. 

If  the  extent  of  the  plates  were  incomparably  greater  than 
dieir  thickness,  wc  may  infer  from  §  92,  &c.  that  the  re- 
dundant fluid  and  matter  would  be  disposed  in  parallel  stra- 
ti, and  that  the  actions  would  be  the  same  at  all  distances. 
Bat  since  this  is  not  the  case,  the  disposition  of  the  fluid  will 
be  lomewhat  different ;  and  whatever  it  is,  the  action  of  any 
t&Kum  will  be  diminished  by  an  increase  of  distance.  The 
fcUowing  description  cannot  lie  very  different  from  the  truth  i 
—I.  The  cake  grows  negative  by  cooling  ;  and  if  it 
i»  alone,  it  would  have  a  negative  superllciat  stratum  on 
h  sides,  of  greater  thickness  near  the  edges ;  and  the  fluid 
idtl  probably  grow  denser  by  degrees  to  the  middle,  where 
rauld  have  its  natural  density.  This disposititm  may  be 
d  from  §  9-2,  93,  and  98.  But  it  cools  in  conjune- 
B  with  the  sate,  and  the  attraction  of  the  redundant  mat* 
^ia  the  cake  for  the  moveable  Huid  in  the  sole  disturbs  its 
a  diffusion  in  the  sole,  and  causes  it  to  approach  (he 
And  because  this,  in  all  probabiUty,  happens  while 
■•A*-!!  still  a  conductor,  thD  disposition  of  its  fluid  will 
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be  diHerent  from  that  described  abovci  4iid  the  tini 
tion  of  the  fluid  in  the  cake  and  sole  will  resemble  that  de- 
scribed  in  §  95,  where  the  plates  E  and  A  represent  tlic 
cake  and  sole.  But  because  we  do  not  know  precisely  tlie 
gradation  of  density,  and  aim  only  at  general  notions  at  priv 
sent,  it  wilt  be  suHicicnt  to  consider  the  cake  and  sole  as  di- 
vided into  two  strata  only ;  one  redundant  in  fluid,  and  the 
other  deficient,  neglecting  the  neutral  stratum  that  is  iater' 
posed  between  them  in  each.  The  cake,  then,  consists  of  a 
stratum  AB  ba  A  containing  redundant  matter,  and  a  stra- 
tum a  b  CD  containing  redundant  fluid :  and  tlie  sole  has  « 
stratum.  DC  n  m  conttujiing  redundant  fluid,  namely,  all  that 
belongs  naturally  to  the  space  DCFE,  and  a  stratum  n  n 
FE  containing  redundant  matter.  This  may  be  caiJed  the 
PBIMIT1V2  STATE  of  the  cake  and  sole ;  and  if  once  changed 
by  communication  with  unelectrilied  bodies,  it  can  never  be 
recovered  again  without  some  new  excitement. 

189, — II-  If  the  sole  be  touched  by  any  body  c(Hnmuni> 
eating  witli  the  ground,  fluid  will  come  in,  till  the  ccpuLsau 
of  tlic  redundant  fluid  in  the  sole  for  a  superficial  partkle 
y  is  equal  to  the  attraction  of  the  redundant  mailer  in  the 
cftke  for  the  same  particle.  What  has  been  said  concern- 
ing infinitely  extended  plates,  rendered  neutral  on  one  side, 
may  suffice  to  give  us  a  notion  of  the  present  disposition 
of  the  fluid  in  the  sole.  The  under  surface  will  be  neutral, 
and  tlie  fluid  will  increase  in  density  toward  tlie  sur&ce 
DC.  The  sole  contains  more  than  its  natural  quantity  of 
fluid,  but  is  neutral  by  the  balance  of  opposite  forces.  Let 
it  now  be  insulated.  This  disposition  of  fluid  may  be  calU 
ed  the  common  slate  of  the  electrophorus. 

190.— III.  Let  tlie  cover  GHBA  be  laid  on  it.  The  J 
particle  s,  at  the  upper  surface  of  the  cover,  must  be  mar  jl 
attracted  by  the  redundant  matter  in  tlie  stratum  A  BJa  i. 
than  it  is  repelled  by  the  redundant  fluid  in  the  rcmciur  ^ 
strata ;  for  the  fluid  in  the  cake  is  less  than  what  belongs  ttft 
it  io  its  natural  state,  sad  iheiefbre  z  is  attiacted  by  ibleH 
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■«dke.  The  rcdimcUnt  6tiid  which  has  come  into  the  re- 
tnole  side  of  ihe  aole  is  leas  diau  what  would  saturate  the 
redundant  tnalter  of  the  cake,  because  it  only  baJajicca  the 
excess  of  the  remote  actiou  of  tliis  matter  above  tlie  uearer 
action  uf  the  compressed  fluid  in  the  sole ;  and  this  smaller 
quantity  of  reduudaat  fluid  acts  on  ;  at  a  gi-eatcr  distance 
th;^a  that  of  the  reduiidant  matter  in  the  cake.  On  the 
wliule,  ihereforc,  the  pailicle  z,  lying  immediately  withia 
tbv  siirfoce  GU,  is  attracted  ;  therefore  some  will  move  to- 
ward the  cake,  and  its  naturid  sUte  of  uniform  diliusioa 
ihruugb  the  cover  will  be  clmoged  into  a  violent  state,  ia 
which  it  will  be  compressed  on  ibc  surface  AB,  being  al>- 
'itaclcd  from  the  surface  GU.  It  will  now  have  a  stratum 
G  gp  II,  containing  redundant  matter,  and  anothcr^^  BA, 
cuQtaining  redundant  fluid.  But  this  will  disturb,  the  ar. 
rasgemeot  which  had  taken  place  in  the  sole,  and  had 
tendered  it  neutral  on  the  under  surface.  We  do  not 
attend  to  the  fluid  in  tlic  cake,  but  cotisider  it  as  inunoTe- 
cble,  for  any  motion  which  it  can  get  will  be  so  small, 
lliat  the  variations  of  its  action  will  be  altogether  insigni- 
iicanl.  Tlie  particle  y,  situated  in  that  surface,  will  he 
muK  repelled  by  the  compressed  fluid  in  the  stratum  gp 
MX  tlian  it  is  attracted  by  the  equivalent,  but  more  remote 
ndundant  matter  in  GH  pg.  Fluid  is  therefore  disposed 
t>l)uit  the  surface  EF,  and  tlie  sole  appears  positively  eleo 
tdc;  very  little  indeed,  if  the  cover  be  thin.  All  this  may 
be  observed  by  attaching  a  small  Canton's  electrometer  to 
ibt  lower  surface  of  the  sole,  or  by  touching  the  sole  with 
I  the  electrometer  of  Gg.  8,  and  then  trying  its  electricity  by 
1  wax  or  glass. 
|0i.— JV.  A  particle  of  fluid  :,  placed  immediately  with* 
Klhesur&ce  GH,  will  be  more  attracted  by  the  deficient 
B  GH  p  g  and  by  AB  b  a  llian  it  is  repelled  by  the 
lat  strata  beyond  them,  and  the  cover  must  be  sen- 
L  This  is  the  common  siaxe  of  the  whole  in- 
l  after  setting  on  the  cover.     It  is  slightly  posi-i 
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tivc  on  the  lower  surface  of  the  sole,  and  much  more  sensi- 
bly negative  on  the  upper  surface  of  the  cover.  A  smart 
spark  will  therefore  be  seen  between  it  and  the  finger,  fluid 
will  enter,  till  the  attraction  of  the  redundant  matter  in  AB  b  a 
is  balanced  by  the  repulsion  of  the  redundant  fluid  in  DCFE. 

192.— V.  A  spark  will  now  be  obtuned  from  the  sole, 
because  it  was  faintly  positive  before,  and  there  has  been 
added  the  action  of  the  fluid  which  has  entered  into  the 
cover.  The  fluid  in  the  sole  is  therefore  disposed  to  fly  to 
any  body  presented  to  it.  But  when  this  has  happened, 
the  equillibrium  at  the  surface  GH  is  destroyed,  and  that 
surface  again  becomes  negative,  and  will  attract  fluid,  aL 
though  the  cover  already  contains  more  than  its  natural 
quantity.  A  small  spark  will  therefore  be  seen  between  the 
cover  and  any  conducting  body  presented  to  it.  By  touch- 
ing it,  the  neutrality  or  equilibrium  is  restored  at  GH ; 
but  it  is  destroyed  again  at  EF,  which  will  agun  give  a 
positive  spark,  which,  in  its  turn,  again  leaves  GH  negative. 
This  will  go  on  for  ever,  in  a  scries  of  communications  con- 
tinually diminishing  so  as  soon  to  become  insensible,  if  the 
three  parts  of  the  clectrophorus  be  thin.  This  makes  it 
proper  to  make  them  otherwise,  if  the  instrument  be  intend- 
ed for  illustrating  the  theory. 

At  last  the  equilibrium  is  completed  at  the  surfaces  6H 
and  EF,  and  both  are  neutral  in  relation  to  surrounding  bo- 
dies, although  both  the  cover  and  sole  contain  more  than 
their  natural  share  of  electric  fluid.  We  may  call  this  the 
NEUTRAL  or  DEAD  State  of  the  electropliorus. 

193.  This  state  may  be  produced  at  once,  instead  of  do« 
ing  it  by  these  alternate  touches  of  GH  and  EF.    If  we 
touch  at  once  both  these  surfaces,  we  have  a  bright  puia** 
gent  spark,  and  a  small  shock.     If  this  be  the  object  of  tli« 
experiment,  the  state  N^  IV.  which  gives  occasion  to  it, 
be  called  the  charged  state  of  the  clectrophorus. 

When  the  instrument  has  thus  been  rendered  neutral  1: 
relation  to  surrounding  bodies^  it  is  plain  dial  it  maj 
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tinue  in  tlus  state  for  any  length  of  time  without  any  di- 
minution of  its  capability  of  preducing  the  other  phcnomenat 
provided  only  that  no  fluid  pass  from  the  cover  to  the  cake. 
We  do  not  fiJly  understand  what  prevents  this  communica- 
tion, nor  indeed  what  prevents  the  rapid  escape  from  an  over- 
charged body  into  the  air.  Tins  cause,  whatever  it  be,  ope- 
rates here ;  and  the  best  way  of  preventing  the  dissipation, 
or  the  absorption  by  the  cake,  is  to  keep  the  electrophorus 
with  its  cover  on.  It  will  come  into  this  neutral  state  by 
dissipation  from  the  sole,  and  absorption  by  the  cover,  in  no 
veiy  long  time ;  and  after  this,  will  remain  neutral,  retain- 
ing its  power  with  great  obstinacy,  espedally  if  the  cake  and 
plates  are  very  thin. 

194.-rVI.  If  the  cover  be  now  removed  to  a  distance, 
both  parts  of  the  iqpparatus  will. shew  strong  marks  of  elec- 
tricity. The  cover  contains  much  redundant  fluid,  and  must 
appear  strongly  pontive,  and  will  give  a  bright  spark,  which 
may  be  employed  for  any  purpose.  It  may  be  employed 
for  charging  a  jar  positively  by  the  knob,  if  we  just  touch 
the  cover  with  the  knob.  The  sole  will  attract  fluid,  or  be 
negative^  although  it  contain  more  than  its  naturaLquantity 
of  fluids  and  it  will  take  a  spark.  The  sole  therefore,  in  the 
absence  of  tl)e  cover,  may  be  employed  to  charge  a  jar  ne- 
gatively by  the  knob.  By  touching  it  with  the  finger,  or 
with  the  knob  of  a  jar  held  in  the  hand,  it  is  reduced  to  the 
common  state  described  in  N^  II. ;  and  now  all  the  former 
experiments  may  be  repeated.  We  may  call  this  the  ac- 
tive or  the  CHAKGiNO  state. 

Thb  state  of  the  apparatus  has  caused  it  to  get  the  name 
Electrophorus,  Volta,  its  undoubted  iqvcntor,  called  it  Elec* 
troforo  perpetuo;  for  it  appears^  as  has  been  already  observed, 
to  contain  a  magazine  of  electricity.  The  cover,  when  re- 
moved, will  charge  a  jar  held  in  the  hand  positively ;  and 
having  done  this  service,  it  will  charge  ajar  negatively  when 
again  set  on  the  cake.  The  sole,  in  the  absence  of  the  co- 
ver, will  charge  a  third  jar  negatively ;  and  then,  when  the 

3 


ISO 


KLIiCTRIClTT. 


ctyver,  after  being  touched,  is  set  doim  again,  it  *iB  dta^; 
a  fourth  jar  positively.  It  will  not  be  difficult  to  ccJntrive  « 
Gimplc  mechatiisni,  connected  with  the  nioliou  of  the  atver^ 
which  shall  conoect  the  jraned  parts  with  two  jars,  and  shall 
connect  them,  when  separated,  with  two  others ;  atwj  thus 
charge  nil  the  four  with  great  expedition.  All  this  is  done 
without  any  new  excitation  of  the  elcctrophorus.  But  it  is 
by  no  means  a  maguzine  of  ele«ricity  which  it  graduidly  ex- 
pends :  it  is  a  coll'ecTor  of  elecliicity  from  the  siimnmdiiig 
bodies,  whiuh  it  afterwards  imparts  to  others,  and  may  he 
employed  to  disclrarge  jars  in  the  same  gradual  manDeras 
to  charge  them. 

195. — VII.  If  the  electrophonis  is  not  insulated,  a  shoct 
nay  still  be  obtained,  by  Grst  touching  the  sole,  ADd  then, 
without  removing  the  finger,  touching  the  oorer:  bat  this 
will  not  be  so  smart  as  when  the  negative  cover  is  touched 
at  tlie  same  time  that  we  touch  the  sole,  more  highly  jxwi- 
tive,  than  when  it  communicates  with  the  ground,  Thedi!^ 
ference  must,  however,  be  almost  imperceptible  when  thi' 
pieces  are  thin. 

196. — VIII.  If  the  electrophorus  is  not  insulated,  the  co- 
ver, when  put  on,  will  give  a  spark  in  the  manner  alreadv 
mentioned,  and  it  will  he  somewhat  stronger  tlwn  when  it  h 
insulated ;  because  the  fluid  is  allowed  to  escape  from  thf 
sole,  and  does  not  obstruct  the  entry  into  the  cover.  Ifwc 
then,  without  removing  the  finger  from  the  cover,  touch  ific 
sole,  nothing  is  felt ;  but  if  we  first  touch  the  sole,  and  »ilh- 
out  removing  the  finger  from  it,  touch  the  cover,  we  obtain 
a  shock.  This  is  evident  from  the  theory.  By  this  iem 
of  alternate  touches,  the  period  of  the  electrophorus  is  coo- 
pleted.  The  electrophorus  is  charged,  or  rendered  neutrel, 
by  touching  the  plates  when  joined ;  tlien,  by  touching  both 
when  separated,  the  whole  is  reduced  to  tltc  common  slate.  , 
When  separated,  from  being  in  the  neutral  slate,  they^wJ 
^^positc  electricities,  the  sale  shewing  thai  of  the  fl^H 
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When  brought  together,  each  in  the  common  slate,  they 
have  op))oMte  electricities,  the  cover  shewing  that  of  the  cake. 
197. — IX.  When,  by  long  exposure  to  the  air  wtUtout 
its  cover,  the  elcctrophorus  has  lost  its  virtue,  it  may  be 
brougln  Again  into  an  active  state  in  a  variety  of  ways.  Its 
surface  may  be  rendered  negative  by  friction  with  dry  cat 
or  hare  skin,  or  warm  )]anncl.  It  may  be  rendered  negative 
by  setting  on  it  a  jar  charged  positively  tm  the  inside,  and 
then  touching  the  knob  with  any  thing  omimunicating  with 
le  ground.  This  is  the  most  expeditious  method,  and  will 
ive  it  a  high  degree  of  excitation,  if  the  jar  be  of  site,  and 
if  the  plectrophorus  be  covered  with  a  plate  of  tinfoil  i^hicli 
eonies  into  contact  all  over  its  surface.  This  however  K- 
qnlres  the  previous  charging  of  the  jar ;  therefore  it  will  be 
S3  expeditious  and  effectual  to  connect  this  surface  with  the 
rubber  of  an  electrical  machine.  We  had  almost  forgotten 
to  remark,  that  the  efltcts  of  bringing  the  cover  edgewise  to 
the  cake  follow  clearly  from  the  theory,  aa  will  appear  to  the 
Bitenttve  reader  without  further  explanation. 

198.  The  plectrophorus  has  been  compared  to  a  charged 
plate  of  coated  glass.  It  is  true  that  it  may  be  brought  into 
anexternai  state  which  very  much  resembles  a  charged  panftj 
namely,  when  the  cover,  in  its  natural  state,  is  set  on  the 
electroplioruE  in  its  natural  state ;  and  accordingly  it  gives  a 
l4iock,  and  the  two  exterior  surfaces  Income  neutral ;  but 
the  internal  constitution  and  the  acting  forces,  are  totally 
and  eMf»i(M/{y  different.  The  two  coatings  of  the  pane  would 
not,  when  separated,  exhibit  the  appearances  of  the  elcctro- 
phorus ;  nor,  when  touched  in  their  disjoined  stat«,  will  they 
produce  the  same  effects  when  joined.  In  the  operation  oT 
coated  glass,  the  constant  or  invariable  part,  the  gloss  is  not 
the  agenf,  it  is  merely  the  oceanon  of  the  action,  by  aHommg 
the  accumulation.  In  the  elcctrophorus,  the  electric,  which 
is  the  constant  invariable  part,  is  the  agent  prodiring  the  ao 
cumulation.  The  electropiionia  is  an  original,  and  a  very 
ingenious  and  curious  electrical  machine.  Nothing  has  so 
miKl^ contributed  to  spread  some  general,  though  slight,  ac- 
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qiiaintance  with  tlicuieclianical  principles  oC electricity.  'Vine 
numerous  dabblers  in  natural  knowledge  had  been  diverted 
from  scientific  pursuit  by  the  variety  of  the  singular  and  amus- 
ing effects  of  electricity,  and  liad  really  attained  very  little  con- 
nected knowledge.  The  effects  of  the  elcctrophorus^roed  this 
knowledge  on  them ;  because  no  use  cad  be  made  of  it  witli- 
out  a  pretty  clear  conception  of  the  disposition  of  the  elec- 
tricity, and  tlie  kind  and  intensity  of  tlie  actions^  It  is  there- 
fore most  ungrateful  in  the  experimenters  who  have  attain- 
ed better  views,  to  attempt  to  rob  Mr.  Volta  of  the  real 
merit  of  discovery,  by  shewing  that  its  effects  are  similar  to 
those  of  Mr.  Symmer's  stockings,  or  of  Cigna^s  plates,  or  of 
Franklin^s  charged  or  discharged  glass  panes.  And  the  at- 
tempt destroys  itself:  for  it  slicws  the  ignorance, or  inatten- 
tion of  its  author ;  for  the  similarity  is  not  real,  as  will  ap- 
pear clear  to  any  person  who  will  examine  things  minutely 
and  scientifically,  proceeding  in  this  examination  on  suppo- 
sitions similar  to  those  which  we  employed  in  the  analysis 
of  Richmann^s  experiment.  It  was  indeed  in  subserviency 
to  this  examination  that  we  entered  into  the  detail  of  that 
experiment,  it  being  a  simpler  case.  The  accurate  exanu- 
nation  of  Richmann's  experiment  requires  the  flusuonary 
calculus  in  its  refined  form.  In  the  present,  question  five 
acting  strata  are  to  be  considered,  whicli  renders  the  formu- 
lae very  complicated,  and  indeed  intractable,  unless  we  make 
the  plates  extremely  thin  ;  which,  fortunately,  is  the  best 
form  of  the  instrument.  We  have  completed  this  math^ 
matical  analysis ;  and  tlie  popular  view  here  given  is  the  re- 
sult of  that  computation. 

199.  The  electricians  arc  no  less  obliged  to  Mr.  Volta  for 
another  machine,  or  instrument,  from  which  the  study  of 
Nature^s  operations  lias  derived,  or  may  derive,  immense  ad- 
vantages.     We  mean  the  condbnsek  or  collector  of  elec* 
tricity*.      The  general  effect  is  to  render  sen^ble  an 

*  Si'o  the  KdinbiiTgh  Eiu-jTlopedia,  toI.  TIILp.  595,for  an  account 
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cinmiUtton  or  dcBeiency  of  electnc  fluid  so  slight  that  it 
will  not  affect  the  aiost  delicate  electrometer ;  and  it  produ- 
ces (at  leust  in  the  opinkin  of  Air.  Volta)  tliis  cQect,  by  cm- 
ploying  for  the  sole  of  an  electrophurus  a  body  which  is  an 
imperfect  couductor,  such  as  a  plate  of  well  dried  marble, 
or  well  dried,  but  not  baked,  wood  ;  or  even  a  conducting 
body,  covered  with  a  bit  of  dry  taffety  or  other  silk.  Mr.  VolU, 
Cavallo,  and  others,  who  have  written  a  great  deal  on  the 
subject,  have  attempted  to  shew  how  these  substances  are 
preferable  (and  they  certably  are  preferable  in  a  high  dc 
gree)  to  more  perfect  insulators:  but  not  having  taken  paiii& 
ID  lurm  precise  notior)s  of  the  disposition  and  action  of  the 
i-leetric  fluid  in  the  situations  aHurded  by  the  instrument, 
ilieir  reasonings  have  not  lieen  very  clear.  We  think  that 
an  adequate  conception  of  the  essentials  of  the  proposed  in. 
ttrumcnt  may  be  acquired  by  nieam  of  the  ibUowing  consi- 
derations : 

200.  Pumish  tlic  cover  of  an  clecirophorus  with  a  gra- 
duated electrometer,  which  indicates  the  proportional  degrees 
^  tketricilt/ ;  electrify  it  positively  to  any  degree,  suppose 
—  while  held  In  the  band,  at  some  distance,  right  over  a 
d  plate  lying  ou  n  wine  glass  as  an  insulating  stand,  but 
imiDUnicating  witK  the  ground  by  a  wire.  Bring  it  gra- 
dlully  down  toward  the  plate.  Theory  teaclies,  and  we  know 
it  by  e^perimbDl,  tJiat  the  electrometer  will  graduidly  sub> 
\  and  perhaps  will  reach  to  2o  before  the  electricity  i» 
nmunicalcd  in  a  spark.  Stop  it  l>efore  this  happens.  In 
e  the  attraction  of  the  lying  plate  produces  a  cum- 
ntiDD  of  four  drgrci'sof  the  mutual  repulsion  of  the  part^ 

■  be  cover,  by  cunsti[>ating  the  fluid  on  its  under  surtitce, 
d  baaiag  a  deficient  stratum  above.  This  needs  no  far- 
tr  cX{danalion  after  what  has  been  said  on  the  cliargiiig 

■  mtcd  glass  plates.  Now  we  can  suppo^^  that  the  escape 
idii  flitid  from  this  bo<ly  into  the  air  begins  as  soon  as 

TSed  to  the  degree  6,  and  that  it  will  fly  to  the  lying 
le  tritli  ihe  degree  2,  if  brought  nearer.     If  we  can  pre- 
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▼cnt  this  comiuunication  to  the  lying  {date,  by  itattelpUBiiig 
an  electric,  we  may  electrify  the  cover  again,  ^faiie  sd  tear 
the  metal  plate,  to  the  degree  6,  before  it  will  Btietni  off  in* 
to  the  air.  If  it  be  now  remoTed  from  the  lying  {date,  the 
fluid  would  raise  the  electrometer  to  10,  did  it  not  imme- 
diately stream  off;  and  an  electric  excitemebt  oF  any  kind 
which  could  only  nuse  tliis  body  to  the  degree  6  by  its  in- 
tensity, will,  by  this  apparatus,  raise  it  to  the  d^ree  10,  if 
only  copious  enough  in  extent  If  we  do  the  same  tUng 
when  tlie  wire  is  taken  away  which  connects  thelyit^  plate 
with  the  ground,  we  know  that  the  same  diminutioii  of  die 
electricity  of  the  other  plate  cannot  be  produced  by  bring- 
ing it  down  into  the  neighbourhood  of  the  lyii^  jflate  (see 
g  134,  Sec  151,  &&). 

Here  wc  see  the  whole  theory  of  Mn  Volta'*s  comteitttf. 
He  seems  to  have  obscured  his  conceptions  of  it  by  having 
his  thoughts  running  upon  the  clectrophorus  lately  inyeated 
by  him,  and  is  led  into  fruitless  attempts  to  explaifi  llie  Ad- 
vantages of  tlie  imperfect  conductor  above  the  imperfect  lA- 
sulator.  But  the  apparatus  is  altogether  difTerent  ftom  an 
electrophorus,  and  is  more  analogous  in  its  operatiofis  tO  a 
coated  plate  not  charged  nor  insulated  on  the  oppodte  side ; 
and  such  a  coated  plate  lying  on  a  table  is  a  coinplete  coo- 
dehser,  if  the  upper  coating  be  of  the  same  size  with  the 
plate  of  the  condenser.  All  the  directions  ^ven  by  Mr. 
Volta  for  the  preparation  of  the  imperfect  conductors  shew, 
that  the  effect  produced  is  to  make  them  as  perfect  conduit 
tors  as  possible  for  any  degree  of  electricity  that  exceeds  a 
certain  small  intensity,  but  such  as  shall  not  suffer  this  very 
weak  electricity  to  clear  the  first  step  of  the  conduit  The 
marble  must  be  thoroughly  dried,  and  even  heated  in  an 
oven,  and  either  used  in  this  warm  state,  or  vamiahed,  so 
as  to  prevent  the  reabsorption  of  moisture.  We  know  that 
marble  of  slender  dimensions,  so  as  to  be  completely  dried 
throughout,  will  nd  conduct  till  it  has  again  become  moist 
A  thick  piece  of  marble  is  rendered  so,  superficially  only* 
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and  still  oondncts  ititenially.  It  is  tlicii  in  the  best  possible 
state.  The  same  ttay  be  said  of  dry  unbaked  wood.  Var- 
ni^ing  the  upper  sUY-fkce  of  a  piece  of  marble  or  wood  is 
equivalent  to  laying  a  thin  glass  plate  on  it.  Now  this  me* 
thod,  or  oovering  the  top  of  the  marble,  or  of  a  book,  or 
even  the  table,  with  a  piece  of  dean  dry  silk,  makes  them 
till  the  most  perfect  condensators.  This  just  view  of  die 
tnatter  has  great  advantages,  tt  takes  away  the  mysterious 
indistinctness  and  obscurity  which  kejpt  the  instrument  a 
quackish  tool,  incapable  of  improvement.  We  can  now  make 
one  incomparably  Better  ai^d  more  umple  than  any  proposed 
by  the  very  ingtnibus  inventor.  We  need  only  the  simple 
moveable  plate.  .  Let  this  be  varoished  on  the  under  nde 
ti^ith  a  moderately  thick  coat  of  the  purest  and  hardest  wr- 
mh  it  MarliH,  or  obach-paihters  varnish  ;  and  we  have  a 
complete  condensatok*  by  laying  this  on  a  table.  If  it  be  con- 
nected by  a  wire  with  the  substance  in  which  the  weak  and 
imperceptible  electricity  is  excited,  it  will  be  nused  (provided 
there  be  eAotrgh  of  it  df  that  small  intensity)  in  the  propor- 
tion of  the  thickness  of  the  varnish  to  the  fotirth  part  of  the 
diameter  of  the  plate.  This  degree  of  condensation  ^11  be 
procured  by  detaching  the  connecting  wire  from  the  insulat- 
ing handle  of  the  cx>ndenser,  and  iben  raising  the  condenser 
from  the  table.  It  will  then  give  sparks,  though  the  origi* 
nal  electricity  could  not  sensibly  affect  a  flaxen  Shte. 

It  must  be  particularly  noted,  that  it  can  ptx>duce  this 
condensation  only  when  there  is  fluid  to  condense ;  that  is, 
only  when  die  weak  dectricity  is  diffused  over  a  greater 
space  than  the  plate  of  the  condenser.  In  this  way  it  is  a 
most  excellent  collector  of  the  weak  atmospheric  electricity, 
and  of  all  diffused  electricity.  But  to  derive  the  same  ad- 
vantage from  it  in  main/  very  inttnsiing  cases,  such  as  the 
inquiry  into  the  electricity  excited  in  many  operations  of 
Nature  on  small  quantiUes  of  matter,  we  must  have  con- 
densers of  various  sizes,  some  not  larger  than  a  silver  penny. 
To  construct  these  in  perfection,  we  must  use  the  purest  and 
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bardest  varnish,  of  a  kind  not  apt  to  crack,  and 
coercive.  This  requires  experiment  to  discover  it.  Spirit 
varnishes  are  the  most  coercive;  but  by  their  difference  of 
contractipn  by  cold  from  that  of  metals,  they  soon  afqpear 
frosty,  and  when  viewed  through  a  lens,  they  appear  all 
shivered :  They  are  then  useless.  Oil  varnishes  have  the 
requi»te  toughness,  but  are  much  inferior ,in  coercioiL  We 
have  found  amber  varnish  infer^r  to  copal  varnish  in  tUa 
respect,  contrary  to  our  expectation.  On  the  whole,  we 
should  prefer  die  finest  coach-painters  varnish,  new  firam 
the  shop,  into  which  a  pendl  has  never  been  dipped :  and 
we  must  be  particularly  careful  to  dear  our  pendls  of  moi- 
sture and  all  conducting  matter,  which  never  £eu1b  to  taint 
the  varnish.  We  scarcely  need  remark,  that  the  coat  of 
varnish  on  these  small  condensers  should  be  veaty  thin, 
otheryrise  we  lose  all  the  advantage  of  their  .smallnesSi 

201.  Mr.  Cavallo  has  ingeniously  improved  Volta*8  con- 
denser by  connecting  the  moveable,  plate,  after  removal, 
with  a  smaller  condenser.  The  effect  of.  this  is  evident 
from  §  130.  But  the  same  thing  would  have  been  gene- 
rally obtained  by  using  the  small  condenser  at  firsts  or  by 
u^ng  a  still  thinner  coat  of  varnish. 

202.  It  will  readily  occur  to  the  reader,  that  this  instru- 
ment is  not  instantaneous  in  its  operation,  and  that  the  ap« 
plication  must  be  continued  for  some  time,  in  (ntler  to  col- 
lect the  minute  electricity  which  may  be  excited  in  the 
operations  of  nature.  He  will  also  be  careful  that  the  ex- 
periment be  so  conducted  that  no  useless  accumulation  is 
made  anywhere  else.  When  we  expect  electridty  from 
any  chemical  mixture,  it  never  should  be  made  in  a  glass 
vessel,  for  this  will  take  a  charge,  and  thus  may  absorb  the 
whole  cxdted  electricity,  accumulating  it  in  a  neutral  or  in- 
sensible state.  Let  the  mixture  be  made  in  vessels  of  a 
conducting  substance,  insulated  with  as  little  contact  as  pos- 
sible with  the  insulating  support ;  for  here  will  also  be 
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hing  tike  a  charge.     Suspend  it  by  silk  tlirnrls,  or  let 
k  rest  on  the  tops  of  three  glass  rods,  Stc. 
*  203.  After  this  account  of  the  Leyden  phiai,  clectropho- 


and  condenser,    it  is  surely 
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y  time  in  explaining  Mr.  Bennei's  most  ingenio 
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il  instrument  called  the  doubler  of  ekctrkittf.   The  explana- 
tion offerg  itself  spontaneously  to  any  person  who  under- 
stands what  has  been  said  already.     Mr.  Cavallo  has  nith 
industry  searched  out  all  its  imperfections,  and  has  done 
something  to  rcnio\'e  them,  by  several  very  ingenious  con- 
structions, minutely  described  in  his  Treatise  on  Electri- 
Ptnty.      ftfr.  Bennet's  original  instrutneni  may  be  freed,   we 
Inagine,  as  far  as  seems  possible,  by  using  a  plate  of  lur 
R  the  inicrmedium  between  the  three  plates  of  the  doubler. 
icb  on  one  of  the  plates  three  very  small  spherules  made 
com  a  capUlary  tube  of  glass,  or  from  a  thread  of  sealing 
The  other  plate  being  laid  on  them,  rests  on  mere 
bints,  and  can  scarcely  receive  any  friction  which  will  dis- 
trb  llie  experiment.     Mr.  Nicholson's  beautiful  mechanism 
r  expediting  the  midtiplicalion  has  the  inconvenieney  of 
inging  the  plates  towards  each  other  edgewise,  which  wilt 
ling  on  a  spark  or  communication  sooner  than  may  be  dc- 
;  but  this  is  no  inconvenience  ivlioiever  In  any  philoso- 
cal  research  ;  because,   before  this  happens,  the  elcctri- 
f  has  become  very  distinguishable  as  to  its  kind,  and  the 
;  of  multiplication  is  little  more  than  an  amusement, 
e  spark  may  even  serve  to  give  an  indication  of  the  ori- 
i  intensity,  by  means  of  the  number  of  turns  necessarv 
r  producing  it.     If  the  fine  wires,  which  form  the  alter- 
nate cotmeclions  in  so  ingenious  a  manner,  could  be  tipped' 
with  little  balls  to  prevent  the  dissipation,  it  would    be  a 
great  improvement  indeed.     An  alternate  motion,  like  that 
of  a  pump-handle,  might  be  adopted  with  advantage.    This 
would  allow  the  plates  to  approach  each  other  face  to  face, 
i  admit  a  greater  multiplication,  if  thought  necessary. 
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'  204-.  One  of  die  most  remarkable  facts  io  electri^ty  b 
the  rapid  dissipation  by  sharp  poipts,  and  the  impossilNlUy 
of  making  any  considerable  accumulation  in  tk  body  wlych 
has  any  such,  projecting  beyond  other  part9  of  itfli  surfioe. 
The  dissipation  is  attended  with  jpanj  remarkaUe  cucun- 
stanoesy  which  have  greatly  the  ajyeanince  of  the  9Ctud  ^eft- 
cape  of  some  material  substance.  A  stream  of  wind  bknm 
{torn  such  a  point,  and  quickly  electrifies  the  air  of  a  loom 
to  si^ch  a  degree,  that  an  electrometer  in  the  farthest  corner 
of  the  nxHn  is  affected  by  it.  Thia  dissipation  in  a  dirk 
place  is,  in  many  instances,  accompanied  by  a  bright  train 
of  light  diverging  from  the  point  like  a  firework.  X2r. 
Franklin  therefore  was  very  anxious  to  reoojicile  thia  ap- 
pearance until  his  theory  of  plus  and  minus  electnci^,  but 
does  not  express  himself  well  satisfied  with  any  expbmaliaa 
which  had  oocurr^  to  him.  From  the  b^ioniii^  be  saw 
that  he  could  not  consider  the  stream  of  wind  ^  a  proof  of 
the  escape  of  the  electdc  fluid,  because  the  same  stream  is 
observed  to  issue  from  a  sharp  negative  point;  which,  ac* 
cording  to  his  theory,  is  not  dispersing,  but  afaaorbing  it. 
Mr.  Cavendish  has,  in  our  opinion,  given  the  first  8ati»« 
factory  account  of  this  phenomena. 

205.  To  see  this  in  its  full  force,  the  phenomenon  itsdf 
must  be  carefully  observed.     The  stream  of  wind  is  pkun- 
ly  produced  by  the  escape  of  something  from  the  point  it- 
self, which  hurries  the  air  along  with  it;   and  this  draws 
along  with  it  a  great  deal  of  the  surrounding  air,  especially 
fipom  behind,  in  the  same  manner  as  the  very  slender  thread 
of  ak  from  a  blow-[Hpe  hurnes  along  with  it  the  surround- 
ing ais  and  flame  from  a  considerable  surfisuoe  on  all  sides^ 
It  is  in  this  manner  that  it  gathers  the  whole  of  a  large 
flame  into  one  mass,  and,  at  last  into  a  very  point.     If  the 
smoke  of  a  little  rosin  thrown  on  a  bit  of  Ijive  coal  be  mad^ 
to  rise  quietly  round  a  point  projecting  from  an  ekctrifieA. 
body,  continually  supplied  from  an  electrical  machine^  the 
vortices  of  ihb  smoke  may  be  observed  to  curl  in  from  aU 
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;  the  wire,  forming  a  current  of  wliich  the  wire 
Hjtte  axis,  and  it  goes  oft'  completely  by  the  point.  But  if 
_  a  utire  bo  tnaOe  to  paas  tlirougb  a  cork  fixed  in  the  bot- 
l(HU  (^  K  wide  glass  tube,  and  if  its  point  project  not  be- 
j'ODd  Uio  mouth  oi'  the  tube,  the  afSux  of  the  air  from  be- 
4ii[ul  is  prevcnlod,  and  wc  have  ao  Btream  ;  but  if  ihu  cork 
be  removed,  and  the  wire  still  occupy  the  axis  of  the  tube, 
but  vriihoiit  touching  the  sides,  we  have  the  stream  very 
^diatitictty  ;  and  smoke  which  rises  round  llie  far  end  of  the 
^B|d>e  U  diawn  Into  it,  and  goes  oJT  al  the  pi>int  of  the  wire. 
^Bj|dw  it  is  of  importance  to  observe,  that  whatever  pc^ 
^BntS  tJie  fonnation  ul'  this  stream  of  wind  prevents  the  di&- 
sipAtisn  ofdectricitr  (for  we  shall  not  sayeaoape  of  electric 
fluid^  from  tlie  point.  If  tlie  point  project  a  quarter  of  an 
iNcJi  beyond  the  tube,  or  if  tli«  tube  be  opct^  behind,  llic 
GbreuB  is  airong,  'and  the  lUsstpation  to  rapid,  that  even  a 
very  good  maclilne  U  not  able  to  raise  a  Ilemley's  electrome- 
ter, stuthBg  on  the  coaduclor,  a,  very  few  degrees.  If  the 
tube  be  slipped  forward,  so  that  the  point  i«  just  even  with 
its  mouth,  the  dissipation  of  electcicily  is  ^ext  to  nothiogt 
■ad  does  not  excec<l  what  might  be  produced  by  such  air 
«i  caa  be  collected  by  a  superficial  point.  If  the  tube  be 
nude  to  advance  half  an  inch  beyond  the  prant  wliicb  it 
surrounds,  the  dissipation  becomes  insensible.  All  Uiese 
Uas  put  it  beyond  a  doubt  that  the  air  is  the  cause,  or,  at 
koBt,  the  occasion  of  tlie  dissipation,  and  carries  the  elec- 
tricity off  with  it,  in  this  manner  rendering  electrical  the 
vbole  air  of  a  room.  The  problem  is  reduced  to  expliun 
Ww  the  air  contiguous  to  a  sharp  electrified  point  is  elec- 
trified and  thrown  oS'. 

It  was  demonstrated  in  §  130,  ttiat  two  spheres,  connect- 
«1  by  an  infinitely  extended,  but  slender  conducting  canal. 
«%  in  electrical  equilibrium,  if  tlieiir  suii'uccs  contain  fluid  in 
ilie  proportion  of  their  diameters.  Id  tliis  case,  Uic  super- 
&caal  density  of  the  fluid  and  its  tendency  to  escape  arc  iit- 
vmely  as  the  diameters  (  §  I3U)  Now  if,  in  imagination, 
'^■('gradually  diminish  the  diameter  of  one  of  the  sphcri's 
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the  tendency  to  escape  will  increase  in  a  greater  proportioii 
than  any  that  we  can  name.  We  know,  that  whai  the 
prime  conductor  of  a  powerful  table^machine  has  a  wire  of 
a  few  inches  in  length  projecting  from  its  end,  and  termi- 
nating in  a  ball  of  half  an  inch  in  diameter,  we  cannot  deo- 
trify  it  beyond  a  certain  degree ;  for  when  arrived  at  this 
degree,  the  electricity  flies  off  in  successive  bursts  from  this 
balL  Being  much  more  overcharged  than  any  other  put 
of  the  body,  the  air  surrounding  the  bail  becomes  mare 
overcharged  by  communication,  and  is  repelled,  and  its 
place  supplied  by  other  air,  not  so  much  overcharged,  whidi 
surrounded  the  other  parts  of  the  body,  and  is  pressed  for- 
wards into  this  space  by  the  general  repulsion  of  the  con- 
ductor and  the  confining  pressure  of  the  atmosphere ;  other- 
wise^ being  also  overcharged,  it  would  have  no  tendency  to 
come  to  this  place.  Half  a  turn  of  the  cylinder  is  sufficient 
to  accumulate  to  a  degree  sufficient  for  producing  one  of 
these  explosions,  and  we  have  two  of  them  for  every  turn 
of  the  cylinder.  A  point  may  be  compared  to  an  incompa- 
rably smaller  ball.  The  constipation  of  the  fluid,  and  its 
tendency  to  escape,  must  be  greater  in  the  same  unmeasur- 
abte  proportion.  This  density  and  mutual  repulsion  can- 
not be  diminished,  and  must  even  be  increased,  by  the  mat- 
ter of  the  wire  forming  a  cone,  of  which  the  point  is  the 
apex ;  therefore,  if  there  were  no  other  cause,  we  must  see 
that  it  is  almost  impossible  to  confine  a  collection  of  parti- 
cles, mutually  repelling,  and  constipated,  as  these  are  in  a 
fine  point. 

206.  But  the  chief  cause  seems  to  be  a  certwi  chemical  union 
Tvhich  takes  place  between  the  electric  fluid  and  a  corres- 
ponding ingredient  of  the  air.     In  this  state  of  constipation, 
almost  completely  surrounded  by  the  air,  the  little  mass  cT 
fluid  must  attract  and  be  attracted  with  very  great  force, 
and  more  readily  overcome  the  force  which  keeps  the  eleo— 
trificd  fluid  attached  to  the  last  series  of  particles  of  the 
"*»  ire.     It  unites  with  the  air,  rendering  it  electric  in  th« 
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ighest  degree  of  redundancy.  It  is  therefore  strongly  re- 
^ed  by  the  mass  of  constipated  fluid  which  succeeds  it 
iHlhia  the  point.  Thus  is  the  electrilied  air  continually 
n  off,  in  a  state  of  electrifi cation,  that  must  rapidly  di- 
minish the  electricity  of  the  conductor.  Hence  the  unin- 
terrupted flow,  without  noise  or  much  light,  when  the  point 
a  made  very  fine.  When  the  point  is  blunt,  a  little  accu- 
mulation is  necessary  before  it  attains  the  degree  necessary 
for  even  this  minute  explosion  ;  but  this  is  soon  done,  and 
these  lillle  explosions  succeed  each  other  rapidly,  accotnpo* 
nied  by  a  sputtcnng  noise,  and  trains  of  bright  sparks.  The 
ncHse  i;i  undoubtedly  owing  to  the  atoms  of  the  highly  eleo 
trified  fluid.  These  are,  in  all  probability,  rarefied  of  a 
sudden,  in  the  act  of  electrification,  and  immediately  collapse 
again  in  the  act  of  chemical  union,  which  causes  a  sonorous 
ablation  of  the  air.  This  electrified  air  is  thus  thrown  off, 
and  its  place  is  iDimediately  supplied  by  air  from  behind, 
not  yet  electrified,  and  therefore  strongly  drawn  forward 
to  the  point,  from  which  it  is  thrown  off  in  its  turn. 
This  rapid  expansion  and  subsequent  collapsing  of  the  air 
is  rerified  by  the  experimenis  of  Mr.  Kinnersly,  related  by 
Dr.  Franklin,  and  is  seen  in  numberless  experiments  made 
with  other  views  in  later  times,  and  not  attended  ta  Per- 
i  produced  by  the  great  heat  which  accompanies, 
K  is  generated  in  the  transference  of  electridty,  and  it  is  of 
,  thi  same  kind  with  what  occasions  the  bursting  of  stones, 
Uing  of  trees,  exploding  of  metals,  iic.  by  electricity. 
H  expansion  is  either  inconsiderable,  or  it  is  successively 
pducvd  ia  very  small  portions  of  the  substance  expanded ; 
*l«  when  metal  is  exploded  in  close  vessels,  or  under  water, 
ibcrc  is  but  a  minute  portion  of  gazeous  matter  produced ; 
ud  in  the  dissipation  by  a  very  tine  point,  cufliciently  great 
e  fuU  employment  to  a  powerful  machine,  the  stream 
I  4f  wind  is  but  very  faint,  and  nine-tenths  of  this  has  been 
I  iifggti  along  by  the  really  electrified  thread  of  wiod  in 
VAi  middle. 


From  «  collation  of  all  llie  appearances  of  electnoty,  1 
must  Ibrm  the  same  conception  of  tlie  forces  which  operate 
round  a  poiat  that  is  negaiively  electrified,  not  dispersing, 
but  drawing  in  electric  fluid.  It  is  more  completely  undvr- 
cliarged  tlian  any  other  part  ofa  bodyt  and  attracts  the  Suid 
in  the  surrouuding  air,  and  the  air  io  which  it  is  retained, 
with  iticomparably  greater  force.  It  therefore  deprive*  the 
contiguous  air  of  its  fluid,  and  then  repels  it,  and  then  jtro- 
dticca  a  stream  like  the  overcharged  point. 

£07.  If  a  conducting  body  be  brought  near  to  any  part 
of  an  overcharged  body,  the  fronting  part  of  the  first  is  ren> 
dered  underchai^rd  ;  and  this  ii;crcases  the  charge  of  the 
opposite  part  of  the  overcharged  body.  It  becomes  more 
overcharged  in  that  |»irt,  and  sooner  attains  that  deg;ree  of 
constipation  tliat  enables  the  fluid  to  quit  ilie  superficial  sc- 
ries of  particles,  and  to  electrify  strongly  the  contiguous  air. 
The  explosion  is  therefore  made  in  Uiis  part  in  preference 
to  any  other ;  and  the  air  thus  exploded  is  strongly  attract- 
ed by  the  fronting  part  of  the  other  body,  and  must  fly 
tluther  in  preference  to  any  other  point  If,  moreover,  the 
fronting  part  of  A  be  prominent  or  pointed,  this  etiect  will 
be  produced  in  a  superior  d(.'gree ;  and  the  current  of  elec- 
trified air,  which  will  begin  very  early,  will  increase  this  dis- 
position to  transference  in  this  way  by  rarefying  tlie  air ;  a 
change  which  the  whole  course  of  electric  phenomena  shews 
to  be  highly  favourable  to  this  transference,  although  we  can- 
not perliaps  form  any  vify  adequate  notion  how  it  contri- 
butes tr>  this  eflect.  This  seems  to  be  the  reason  why  a 
great  csploaon  and  snap,  with  a  copious  transference  of 
electricity,  is  generally  preceded  by  a  hissing  noise  like  the 
rushing  of  wind,  which  swells  to  a  maximum  in  the  loud 
su.!^  itself. 

SOS.  If  two  prominences,  precisely  ^milar,  and  electrified 
in  the  contrary  way  to  the  same  degree,  are  presented  to 
each  other,  we  cannot  say  from  which  the  current  should 
take  its  commencement,  or  whether  it  should  not  equaUf 
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Wgin  from  both,  and  a  general  dispersion  of  air  laterally  be 
.  &e  effect ;  but  such  a  situation  is  barely  possible,  and  must 
be  infinitely  rare.  The  current  wilt  begin  from  the  side 
which  has  some  superiority  of  propelling  force.  We  are 
disposed  to  think  that  this  current  of  material  electrified 
substance  must  suffer  great  change  during  its  passage,  by 
mixing  with  the  current  in  an  opposite  electrical  state  com- 
ing from  the  other  body.  Any  little  mass  of  the  one  cur- 
rent must  strongly  attract  a  contiguous  mass  of  the  other, 
and  certain  changes  should  surely  arise  from  this  mixture. 
These  may,  in  their  turn,  make  a  great  change  in  the  mecha- 
ideal  motions  of  the  air  ;  and,  instead  of  producing  a  iptaqiia 
vrrtum  dispersion  of  air  from  between  the  bodies,  as  should 
result  from  the  meeting  of  opposite  streams,  it  may  even 
produce  a  collapsing  of  the  air  by  the  mutual  strong  attraiv 
tions  of  the  little  masses.  Many  valuable  experiments  of- 
fer themselves  to  the  curious  inquirer.  Two  little  balls  may 
be  thus  presented  to  each  other,  and  a  smoke  may  be  made 
with  rosin  to  occupy  the  interval  between  them.  Motions 
may  be  observed  which  have  certain  analogies  that  would 
sffiird  useful  information  to  the  mechanical  inquirer.  There 
must  be  something  of  this  mixture  of  currents  in  all  such 
transferences,  and  the  most  minute  differences  in  the  condi- 
tion of  a  little  parcel  of  the  air  may  greatly  affect  the  fu- 
ture motion^.  The  most  promising  form  of  such  experi- 
ment would  be  to  use  two  points  of  the  same  substance, 
shape,  and  size,  and  electrified  to  the  same  degree  in  oppo- 
eite  senses. 

t09.  Af^er  all  care  has  been  taken  to  insure  similarity, 
there  remains  one  essential  difference,  that  the  one  current  is 
nimidant  in  eUctric  pad,  and  iht  other  deficient.  This  cir- 
CiUDStance  mvsl  produce  characteristic  differences  of  appcar- 
aOcc.  And  are  there  not  such  differences  ?  Is  not  the  ^a' 
lA  and  the  star  of  light  a  characteristic  difference  ?  and  does 
not  this  well  supported  fact  greatly  corroborate  the  opinion 
©f  Dr.  Franklin,  that  the  electric-  phenomena  result  from 
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Oio  reduDdancy  and  deficiency  of  on<  substanW)  and'  ntt 
from  two  distinct  substances  operating  in  a  similar  manner? 
For  the  distinction  in  appearance  is  a  mechanical  dislinctioik 
Motion,  direction,  velocity,  are  perceivable  in  it,  Locomo- 
tive forces  are  concerned  in  it ;  but  they  are  so  implicat- 
ed with  forces  which  probably  resemble  chemical  affinities, 
hardly  operating  beyond  contact,  that  to  extricate  their  ef- 
fects from  the  complicated  phenomenon  seems  a  desperate 
problem.  There  is  some  hitherto  inexplicable  diemical 
composition  and  decomposilion  tak'mg  place  in  the  tnutt- 
ferencc  of  electricity.  Of  this  a  numeroas  train  of  observa- 
tions made  since  the  dawn  of  llic  pneumatic  chemistry  leave* 
us  no  room  to  doubt.  The  emersion  or  production  of  light 
and  heat  is  a  rcmarkabe  sign  and  proof.  Now  this  lakrs place 
along  the  ichole  path  of  lran:ifcrence  ;  therefore  tlic  process  is 
by  no  means  completed  at  (be  point  from  which  the  active 
cause  proceeds ;  and  although  there  be  certain  appearances 
that  are  pretty  regubr,  they  are  still  mixed  with  others  of 
the  most  capricious  anomaly.  The  zigzag  form  of  the  mo^ 
condensed  spark,  totally  unlike,  by  its>sharp  angles,  to  any 
motions  producible  by  accelerating  forces,  which  motions 
are,  without  exception,  curvilineal,  makes  us  doubt  exceed- 
ingly whether  the  luminous  lines  which  we  observe  are  suc- 
cessive appearances  of  the  same  matter  in  different  places 
or  whether  they  be  not  rather  simultaneous,  or  nearly  si- 
multaneous, coruscations  of  different  parcels  of  matter  is 
different  places,  indicating  chemical  compositions  taking 
place  almost  at  once  ;  and  this  becomes  more  probablf^ 
when  we  reflect  on  what  has  been  said  already  of  the  jum- 
bling of  opposite  currents  ;  such  mixtures  should  be  expect- 
ed.  We  Iiave  seen  a  darted  flash  of  lightning  which  reacli* 
ed  (in  a  direction  nearly  parallel  to  the  horizon)  abore 
three  miles  from  right  to  left ;  and  it  seemed  to  us  (o  fc  a- 
existent ;  we  could  not  say  at  which  end  it  began.  The 
thunder  began  with  a  loud  crack,  and  continued  with  a 
niost  irregular  rumbling  noise  about  15  seconds,  and  seem- 
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•^  equtd  on  both  hands.     We  iraagino  ihftt  it  was  really  a 
Sinulcancous  snap,  in  the  whole  extent  of  tlic  spark,  but  of 
different  strength  in  dtSerent  pbt-es ;  different  portions  ot" 
the  sonorous  agitation  were  propagated  to  the  ear  in  succes- 
sion by  the  sonorous  undulationsof  air,  causing  it  to  seem  s 
ienglJiened  sound.     Such  would  be  the  appcnrance  to  a  per- 
son standing  at  one  end  of  a  long  line  of  soldiers  who  dis- 
charge their  firelocks  at  one  instant.     It  will  seem  a  run- 
ning fire,  of  different  airCTigth  in  different  parte  of  the  line, 
if  the  muskcis  hitve  l>cen  unequally  loaded.     It  is  incon- 
ceivable that  this  long  zigzag  spark  can  mark  the  track  of 
an  individual  mass  of  electrified  air.     The  velocity  and  tno> 
tnentura  would  be  enormous,  and  would  sweep  off  every 
thing  in  its  way,  and  its  path  could  not  be  angular.     The 
same  must  be  asserted  of  the  streums  of  light  in  our  experi- 
nenls.     The  velocity  is  so  unmeasurable  thai  we  cannot 
tell  its  direction.     There  may  be  \ery  little  local  motion, 
just  asin  the  propagation  of  sound,  or  of  a  wave  on  the 
surface  of  water.      That    particular  change    of   mutual 
stuation  among  the  adjoining  atoms  which  occasions  chemi- 
cal solution  or  precipitation  may  be  produced  in  an  instant, 
ever  ■  great  extent,  as  we  know  that  a  parcel  of  iron  filings, 
lying  at  random  on  the  surface  of  quicksilver,   will,  in  one 
itutant,  be  arranged  in  a  certain  manner  by  the  mere  ndgh- 
bourhood  of  a  magnet.     Is  not  this  like  the  simultaneous 
precipitation  oi  vater  along  the  whole  patli  of  a  discharge? 
^^     But  still  there  must  be  some  cau<>e  which  gives  these  »• 
^Hdnltaneous  coruscations  a-  situation  with  respect  to  each 
^^HBier,  that  has  a  certain  regularity.     Now  the  luminous 
^^  imtu  (for  they  are  not  uniform  /I'ne*  of  light)  of  almost  con- 
tinuous sparks  which  are  arraoged  between  a  positive  and  a 
n^alive  point,  seem  to  us  to  indicate  emanation  from  tlie 
^^■MMive,  and  reception  by  the  negative  point.     The  general 
^^^■le  haa  a  considerable  resemblance  to  the  path  of  a  body 
^^Hn^ed  from  the  positive  point,  repelled  by  it,  and  attract- 
^^H)!)}  the  negative  point.     This  will  appear  to  the  mcclm- 
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nician  on  a  vtrj  little  reflection.  If  the  curve  « 
]y  visible,  it  would  somewhat  resemble  those  drawn  between 
P  and  N  in  Plate  II.  fig.  II.  PABN  overpasses  the  point 
N,  and  comes  to  it  from  behind  ;  P  c  6  N  lies  within  the 
other,  and  arrives  in  a  direction  nearly  perpendicular  to  the 
axis ;  P  a  e  N  describes  a  straight  line,  and  arrives  in  the 
direction  PN.  As  the  chemical  composition  advances,  the 
light  is  disengaged  or  produced,  and  therefore  the  appear- 
ances arc  more  rare  as  we  advance  farther  in  the  direction 
in  which  ihey  are  produced  ;  and  there  would  perhaps  be 
Ro  appearance  at  all  at  the  point  where  the  motion  ends, 
were  it  not  that  the  few  remaining  parcels,  where  tlie  com- 
positions or  decompositions  have  not  been  completed,  are 
crowded  together  at  the  negative  point,  incomparabhf  mote 
than  in  any  other  part  of  the  track.  We  think  thai  these 
considerations  offer  some  explanation  of  tlie  appearance  of 
the  pencil  and  star,  which  arc  so  uniforinly  characteristic  of 
the  positive  and  n^ative  electricities;  but  we  eee  many 
grounds  of  uncertainty  and  doubt,  and  offer  it  with  due  dif- 
fidence. 

SIO.  The  curious  figures  observed  by  Mr.  Lichteaberg, 
formed  by  the  dust  which  settles  on  a  line  drawn  on  the  face 
of  a  mirror,  by  the  positive  and  by  tfic  negative  knobs  of  a 
charged  jar,  are  also  unifoniily  characterisdc  of  the  two  de^ 
Iricities.  These  are  mechanical  distinctions,  indicating  cer- 
tain differences  of  accelerating  forces.  We  must  refer  the 
curious  reader  to  Lichtenberg's  Dissertations  in  the  Gotti'a- 
gen  Commtntan'M  ;  to  the  Pvblkittionof  the  Hatrlcm  Soculy; 
to  the  Golha  Magazint ;  to  Disstrtaltime  by  Spath  at  Alldofff, 
and  other  German  writers*. 

211.  It  only  remains  for  ub  to  take  notice  of  the  genera) 
laws  of  the  dissipation  of  electricity  into  the  air,  and  aloag 
imperfect  insulators.  On  this  subject  we  have  some  valuable 
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flKperiflMiits  df  Mr.  Coulomb,  published  in  the  Memoirs  of 
the  Academy  of  ScieiKM  of  Paris  for  1785 

The  gctoend  result  of  Mr.  Coulomb's  experiments  was, 
that  the  Momentary  disripation  of  moderate  degrees  of  elec- 
trid^  is  proportiotaal  to  the  degree  of  electtidty  at  the  mo* 
ment  He  found  that  the  dissipation  is  not  sensibly  affect- 
ad  by  the  state  pf  the  barometer  or  thermometer;  nor  is 
there  any  senuble  difierenoe  in  ho^eB  of  different  ri^es  or 
different  substaneea,  or  even  different  figures^  provided  that 
the  electricity  is  very  weak. 

812.  But  be  found  the  dissipation  greatly  affected  by  the 
different  states  of  humidity  of  the  air.  Saussure^s  hygro* 
meter  has  its  aeale  distinctly  related  to  the  quantity  of  water 
Assolved  ki  a  cuUc  foot  of  the  lur.  The  following  little 
table  shews  an  evident  rdaiion  to  this  in  the  dissipauon  dF 
deetricitjr! 

HygimBeler.  Grains  water  in  D'mipatioa  par 

cubic  foot.  minute. 

09  •       •        •        •    0,^97     •         •         •        ^^ 

f  d  •  •  •  •  §yi^9  •  •  •  9T* 

80  •  •  «     8^045      •  •  •  1^9^ 

87        :         •        •         ^,ttt  •••/(• 

Henee  it  fidloWs,  Ibat  the  dissipation  is  very  Heariy  iii 
the  triplicate  ratio  of  the  moisture  of  the  air.     Thus  if 

^  be  eonsideredas  =  V   jU      we  have  m  =.  8976. 


•6     .     .     ^  8i21£r 


60  ,       « 9>^gl 


m 


gives      n  s  £,76. 
gives      m  rz  9,6 1. 


llenfee,  at  a  medium,  m  =  3,04. 

We  should  have  observed,  that  the  ingenious  author  took 
cim  fb  sepiOttte  this  dissipation  by  imtaiediate  cOtdtact  with 
the  air,  finom  what  Was  occasioned  by  the  imperftct  insula- 
tion afforded  by  the  supports. 
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213.  It  must  also  be  remarked  here,  that  the  umnedkte 
object  of  observation  in  the  experiments  is  the  diminatioa 
of  repulsion.  This  is  found  to  be,  in  any  ffnaa  state  of  the 
air,  a  certain  proportion  of  the  whole  repuUcm  at  the  bhv 
ment  of  diminution :  but  this  is  double  of  the  proportion  of 
the  density  of  the  electric  fluid;  for  it  must  be  rroollectcd^ 
that  the  repulsions  by  which  we  judge  of  the  dianpatioo  am 
mutual,  exerted  by  every  particle  of  fluid  in  the  ball  I  of 
CoulomVs  electrometer,  on  every  particle  in  the  ball  a.  It 
is  therefore  proportional  to  the  electric  denuty  of  eadi ;  and 
therefore,  during  the  whole  dissipation,  the  densities  tetua 
their  primitive  proportion ;  therefore,  the  diminutioa  of  the 
repulsion  being  as  the  diminution  of  the  products  of  the  den- 
mties,  it  is  as  the  diminution  of  the  squares  of  either.  If 
therefore  the  density  be  represented  by  d,  die  mutual  rfiml- 
sion  is  representable  by  d',  and  its  momentary  diminution  bj 

the  fluxion  of  d' ;  that  is  by  2  dd,  or  2d  x  d.  NowS^x' 
3stod'as2distod;  and  therefore  the  diminution  of  re- 
pulsion observed  in  our  experiment  bears  to  the  whqjUt  i^ 
pulsion  twice  as  great  a  proportion  as  the  diminuticm  of  den- 
sity, or  the  quantity  of  fluid  dissipated,  bears  to  the  w|udi^ 
quantity  at  the  moment.  For  example,  if  we  observe  the 
repulsion  diminished  ^^  we  conclude  that  ^  of  the  fluid 
has  escaped. 

214.  Mr.  Coulomb  has  not  examined  the  proportion  b^ 
tween  the  dissipations  from  bodies  of  different  sizes.  A  great 
and  a  small  sphere,  communicating  by  a  very  long  canal, 
have  superficial  denaties,  and  tendencies  to  escape,  unrerse* 
ly  proportional  to  the  diameters.  A  body  of  twice  the  dia- 
meter has  four  times  the  surface ;  and  though  the  tendengr 
to  escape  be  twice  as  small,  the  surface  is  four  times  as  great. 
Perhaps  the  greater  surface  may  compensate  for  the  smaller 
density,  and  the  quantity  of  fluid  actually  gone  off  may  be 
greater  in  a  large  sphere.  This  may  be  made  the  sulgect  of 
trial 
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215.  It  must  be  kq>t  in  mind,  that  tbe  hw  of  dis^pation 
ascertuned  by  these  experiments,  relates  to  one  given  state 
of  the  air,  and  that  it  does  not  follow  that  in  another  state, 
containing  perhaps  the  same  quantity  of  water,  the  dissipa- 
tion shall  he  the  same.  The  air  is  such  a  heterogeneous 
and  variable  compound  that  it  may  have  very  different  a& 
finities  witii  the  electric  fluid.  Mr.  Coulomb  thought  that  he 
should  infer  from  his  numerous  experiments,  that  the  dissi- 
pation did  not  increase  in  the  ratio  of  the  cube  of  the  water 
dissolved  in  the  air,  unless  it  was  nearly  as  much  as  it  could 
dissolve  in  that  temperature.  This  indeed  is  conformable 
to  general  observation :  for  air  is  thought  dry  when  it  dries 
quickly  any  thing  exposed  to  it ;  that  is,  when  not  nearly 
saturated  with  moisture.  Now  it  is  wdl  known,  that  what 
is  thought  dry  idr  b  favourable  to  electricity*. 

216.  The  dissipation  along  imperfect  insulators  is  brought 
about  in  a  way  somewhat  different  from  the  manner  of  its 
escaping  by  dectrifying  the  contiguous  air  and  going  off 
with  it  It  seems  to  be  chiefly,  if  not  solely,  along  the  sur* 
face  of  tiie  insulating  support  that  the  electricity  b  difiused^ 
and  that  the  diflunon  is  produced  there  chiefly  by  the  mois* 
ture  which  adheres  to  it  It  is  not  very  easy  to  form  a  clear 
notion  of  the  manner,  but  Mr.  CouIomVs  explanation  seems 
as  satisfactory  as  any  we  have  seen. 

Water  adheres  to  all  bodies,  sticking  to  their  surfaces. 
This  adherion  prevents  it  from  going  off  when  electrified  ; 
and  it  is  therefore  susceptible  of  a  higher  degree  of  electri- 
fication. If  we  suppose  that  the  particles  of  moisture  are 
uniformly  disposed  along  the  surface,  leaving  spaces  between 
them,  the  electricity  communicated  to  one  particle  must  at^ 
tain  a  certain  densi^  before  it  can  fly  across  the  insulating 
interval  to  the  next  Therefore,  when  such  an  imperfect 
conductor  is  electrified  at  aoe  end,  the  electridty,  in  passing 

*  The  falleit  accoQot  of  these  ralnable  experiments  of  Coulomb  that  has 
been  giTeo  in  our  laafuage,  will  be  fbund  in  tbe  SoiMSVacB  EKCvcLor^tfDM;  vol, 
VUL  p.  444-449.  ' 
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to  the  other,  will  be  weakened  at  every  step.  If  we  take 
three  adjacent  particles  a,  b,  c,  uf  this  conducting  matter,  we 
learn,  from  J  103,  that  the  motion  olA  la  sensibly  affected 
only  by  tlie  difference  of  a  and  c;  and  therefore  that  the 
passage  of  electricity  from  &  to  c  requires  that  tliis  difTerence 
be  superior  or  equal  to  the  force  necessary  for  clearing  this 
coercive  interval.  Let  a  particle  pass  over.  The  electric 
density  of  the  particle  b  of  conducting  matter  is  dimini&hed, 
while  the  density  of  the  particle  on  the  other  side  of  a  r& 
muns  as  before.  Therefore  some  will  pa^s  from  a  to  b,  and 
from  the  panicle  preceding  a  to  a,  and  so  on,  till  we  come 
to  the  electrified  end  of  this  imperfect  insulator.  It  is  j^aia 
fnHn  this  coo^deraiion,  that  we  must  arrive  at  last  at  apai^ 
tide  beyond  c,  where  the  whole  repulsion  of  the  preceding 
particle  is  just  sufficient  to  dear  this  interval.  Some  will 
•ome  over,  whose  repulsion,  now  acting  in  the  i^iposite  di^ 
rection,  will  hinder  «ny  fluid  from  supplying  its  place  in  the 
pwtide  whidi  it  has  quitted.  Here  the  triasference  will 
stop,  and  beyond  this  the  insulation  is  complete^  There  is 
thereftire  a  mathematical  relation  between  the  insulating 
power  and  the  length  of  the  canal,  which  may  be  ascertain- 
ed by  our  theory ;  and  thus  another  opportunity  obtained 
for  comparing  it  with  observation.  That  this  investigatiu 
may  be  as  simple  as  possible,  wc  may  lake  «  very  probaUc 
case,  namely,  where  the  insulating,  or,  to  name  it  more  gra- 
phicaily,  the  coercave,  interval  is  equal  in  every  pan  of  tte 

217-  Let  R  be  the  coercive  power  of  the  insulator  i  that 
is,  let  R  be  the  force  oecessarj'  for  dearing  the  coercive  ta- 
t^rtvL  Let  a  ball  C  (Plate  II.  fig.  13.)  be  mspcoded  by 
k  titk  thrad  AR,  and  let  C  represent  the  quantity  ol  its  re- 
dundant fluid ;  and  let  the  density  in  the  different  poinUof 
the  catttl  be  as  the  ordinates  AD)  F  d,  fee  of  some  cum 
Tmc  D  d  R,  which  cuU  the  axis  in  B  where  the  thread  be> 
g^  to  insuUte  an^tlctdy.  Lpt  P  p  be  an  etement  of  the 
axis.  Craw  the  or£inIep/,Ae  tangent  J/ F,  and  the  nor- 
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il  d  E,  and  /e  perpendicular  to  P  d.  Let  AC  be  =  r,  AP 
=  x,^d=y.  Then  Pp  —  i,  and  rfe  —  —  y.  We  have  seen, 
that  the  only  sensible  action  on  the  particle  of  fluid  in  P  is 

ytf 
^  -  (see  §  tOS),  what  the  action  of  the  redundABt  fluid  in 

the  globe  on  the  particle  P  having  the  density  y,  is  reprc 

seated  by    .    ^^         Thepefore  we  have^=R,thec«er- 

ive  power  of  the  thread.    This  is  euf^posed  to  be  consUnl. 

,.       .       Vdy.de 

Acretore       p- —  is  equal  to  some  constant  Une  R.    But 

Pp,  or/e:  de  =  Vd:  PE.  Therefore  the  subnormal  PE 
is  a  constant  line.  But  this  ia  the  property  of  the  parabola 
alone;  and  ihecurve  of  density  D  dB  is  a  parabola,  of  which 
the  parameter  is  2  PE,  or  2  R. 

218.— Cor.  1.  The  densities  in  different  points  of  an  im- 
perfect insulator  are  as  the  square  roots  of  their  distance 
Gom  the  point  of  complete  insulation  :  For  P  d' :  AD'  = 
BP:  BA. 

219. — S.  The  length  of  canal  required  for  insulating 
different  densities  of  electricity  are  as  the  squares  of  the  den- 

AD" 

sitiea.     For  AB  =z  Spp  :  ^n^  ^E  has  been  shown  to  be  a 

constant  quantity.  Indeed  we  Bee  in  the  demonstration,  tliat 
BP  would  insulate  a  ball,  whose  electric  density  is  P  ij,  and 
BA  :     BP  AD-  :  V  d\ 

220.^-3.  The  length  necessar}'  for  insulation  is  inversely  as 
the  coercive  force  of  the  canal,  and  may  be  represented  gene- 

D'  DA'      b' 

rally  by  ^.     For  AB  is  =  gpg  =  gg- 

Mr.  Coulomb  has  verified  these  conclusions  by  a  very  sa- 
tiifaclory  series  of  experiments,  by  the  assistance  of  his  de- 
licate eieclrometer,  which  is  admirably  suited  for  this  trial 
The  subject  ia  so  interesting  to  every  zealous  student  of  elec- 
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tricity,  that  Mr,  Canlon,  Dr.  B.  Wilson,  Mr.  Wjutz,  W: 
and  others,  have  made  experiments  for  estahiishing 
meagre  of  the  conducting  powers  of  difibrent  substances. 
It  was  one  of  the  first  things  tliat  made  the  writer  of  tliis 
article  suppose  that  c4ectric  action  was  in  the  inverse  dup- 
hcate  ratio  of  the  distances:  for,  as  earl^  as  1763,  he  had 
found,  that  the  lengths  of  capillary  tubes  necessary  for  in- 
sulation were  as  the  squares  of  the  repulsions  of  the  ball 
which  they  insulated.  The  mode  of  reasoning  offers  of  itself, 
and  the  fiuxionary  expression  of  the  insulating  power,  va, 

-~-^  led  immediately  to  a  force  proportional  to  ~^-  Ni 

rous  experiments  were  made,  which  we  do  not  give  itere 
cause  tlic  public  are  already  possessed  of  those  of  Mr.  i 
lomh. 

This  discussion  explains,  in  a  satisfactory  manner,  theo] 
ration  of  the  condenser,  as  described  by  Mr.  Volta.  The 
weak  degrees  of  electricity,  which  are  rendered  sufficiently 
sensible  by  the  insulation  of  tlie  plate  of  dry  marbJc,  are 
completely  insidated  by  the  perhaps  thin  stratum  that  has 
been  sufficiently  dried,  while  the  rest  conducts  with  an  clli- 
eacy  sufficient  for  permitting  the  accumulation. 

221,  \Vhen  we  reflect  on  tlje  theory  now  delivered,  we 
see  that  the  formulae  determine  the  distribution  of  the  fluid 
along  an  imperfect  conductor  in  a  certaiji  manner,  on  the  sup- 
position that  a  certain  determinate  dose  has  been  imparted  to 
the  ball :  Because  this  dose,  by  diffusing  itself  from  "particle  to 
particle  of  theconducting  matter,  will  difi^use  itself  all  the  way 
to  B,  in  such  amanncr  that  the  repulsion  shall  everywhere  b^^ 
in  equilibrio  with  themaxtmumoftliecoerciveforceoflheiiL-^-- 
sulating interval.  But  it  must  be  farther  noticed,  that  this  r^^w 
sistancc  is  not  active,  but  coercitive,  and  we  may  compare  ^t 
to  friction  or  viscidity.  Any  repulsion  of  electric  fluid,  whi^^ 
falls  short  of  this,  will  not  disturb  the  stability  of  the  fli^^il 
spread  along  the  canal,  according  to  any  law  whatever.      ^ 


I 


ELBCTRICITy.  I' 

>  represent  the  electric  density  of  the  globe,  and 

remain  constant,  any  curve  of  density  will  anEwcr,  if  -.-  be 

e\-erywbere  less  than  R.  It  is  therefore  an  indeterminate 
problem  to  assign,  in  general,  llic  disposition  of  fluid  in  the 
canal.  The  density  is  as  the  ordinntes  of  a  parabola  only  on 
»lie  supposition  that  the  maximum  of  R  is  every  where  the 
same.     And,  in  this  case,  thi;  distance  AB  is  a  minimum  : 


dd 


less  tlian  R. 


for,  in  other  cases  of  density,  we  must  have  - 

If,  therefore,  we  vary  a  single  element  of  the  curve  D  if  B, 
in  order  that  the  stability  of  the  fluid  may  not  be  disturbed, 
baving  d  constant,  we  must  necessarily  have  x  liirgcr,  that 

-r-  may  still  be  less  than  R ;  that  is,  we  must  lengthen  the 


Wo  see  also,  that  to  ascertain  the  distribution  in  a  oon* 
ducUng  canal  is  a  delerminate  problem  ;  whereas,  in  imper- 
fect conductors,  it  is  indeterminate,  but  limited  by  the  state 
o[  the  fiuid,  when  it  is  so  disposed  that  in  every  point  the 
action  of  the  fluid  is  in  equilibrio  witit  the  maximum  of  re- 
sistance. This  consideration  will  be  applied  to  a  valuable 
purpose  in  the  article  AIac.netism. 

3SJ,  This  doctrine  gives,  in  our  opinion,  a  very  satisfac- 
Ury  explanation  of  the  curious  observations  of  Mr.  Brookes 
ud  Mr.  Cuthbertson,  mentioned  in  j  167,  namely,  that 
dunping  the  inside  of  a  coaled  jar  diminishes  tlie  risk  of  ex- 
[jadon,  and  enables  it  to  bold  a  higher  charge.  We  learn 
here,  that  there  is  no  density  sogreat  but  that  the  least  imper- 
i  fectconductor  will  insuUteit,  if  longenough  ;  and  that  the 
I  coerdve  quality  of  an  imperfect  conductor  may  be  conceived 
;ituted  from  A  towards  B,  tlut  the  densities  shall  di- 
ll any  ratio  that  we  please, go  tliat  the  voriatioaofden* 
y(thecau8eofmotion]maycverywhere,  even  totheinsulat- 
g  po'mt  B,  be  very  small.  However  great  the  constipation 
K  (be  edge  of  the  metallic  coating  may  be,  an  imperfect  con- 
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ductOT  maybe  continued  outward  from  that  edge,  and  nujlx 
socoDstitutcd,  that  theconstipation  shall  dimliiish  by  such  gri- 
lle gradations,  that  an  explosion  shall  be  itnpo^ble.  An  uni- 
form  dampness  will  not  do  this,  but  it  will  diminish  the  ab- 
ruptneKsoftlievariatioDof  density.  The  state  of  density  be- 
yond the  edge  of  the  coating  of  a  cliarged  jar,  very  clcaa 
and  dry,  may  be  represented  by  the  parabohc  arch  D  i  a. 
This  may  be  changed  by  damping,  or  properly  dirtying  (to 
use  Mr.  Brookes'  phrase),  to  D  /  B ;  which  is  evidently 
|ireferable.  We  tiiink  it  by  no  means  difficult  to  cootriTe 
such  a  continuation  of  imperfectly  conducting  coating.  Thus, 
if  gold  leaf  can  be  ground  to  an  impalpable  powder,  it  may 
be  mixed  with  an  oil  varnish  in  various  proportions  Zones 
■f  this  gold  varnish  may  be  drawn  parallel  to  the  edge  of 
the  coating,  decreasing  in  metal  as  they  recede  from  the  edge. 
By  such  contrivances  it  may  be  possible  to  increase  the  re- 
tentive power  to  a  great  degree. 

8S3.  This  doctrine  farther  teaches  us,  that  many  precau- 
tions must  be  taken  when  we  are  making  experiments  irom 
which  measures  are  to  be  deduced  ;  and  it  points  tbem  oat 
to  the  mathematician.  In  particular,  when  bodice,  support- 
ed by  tosulators,  are  electrified  to  a  high  degree,  the  BU^ 
poru  may  receive  a  quantity  of  fluid,  which  may  greatly  dis> 
lurb  the  results ;  and  this  quantity,  by  exerting  but  a  weak 
action  on  the  parts  of  the  canal,  may  continue  for  a  very  long 
lime,  and  not  be  removed  but  with  great  difficulty.  Insudi 
coses,  it  will  be  necessary  to  use  new  supports  in  every  ex- 
periment. From  not  knowing,  or  not  allending  to  this  ar- 
cuinstance,  many  errooeoui  opinions  have  been  formed  ia 
some  delicate  deportmenU  of  el<«trical  reseord). 

Mr.  Coulomb'^  experinients  on  this  subject  are  chiefly  n- 
luable  for  having  Uated  the  retatioo  between  the  intensity 
ol'  the  electricity,  or,  as  he  ex{He«se»  it,  the  electric  density, 
and  the  lengths  of  support  iwcessarv  for  the  complete  insu* 
Uml  But,  as  the  absolute  tutennties  have  oil  been  mea- 
sured by  his  dcctTDmetef,  and  he  bos  not  gtveo  its  particu> 
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S  w«  cannot  m&ke  much  use  of  them  till  thb  be  done 
electrician. 

SS4.  Mr.  Coulomb  found,  that  a  thread  of  gum  lac  was 
the  moat  perfect  of  all  iniulators,  and  is  not  less  than  ten 
times  better  than  a  silk  thread  aa  dry  as  it  can  be  made,  if 
vre  measure  its  excellence  by  its  shortness.  In  a  consider- 
able number  of  experiments,  he  found  that  a  thread  of  gum 
lac,  of  1,5  inches  long,  insulated  as  well  as  a  tine  silk  thread 
of  15  inches.  When  the  thread  of  silk  was  dipped  in  fine 
sealing  wax,  it  was  equal  to  the  pure  lac,  if  six  inches  lon^ 
or  four  times  its  length.  If  we  measure  th^r  excellence  by 
the  intensities  with  which  they  insulate,  luc  is  tlu-ee  times 
.better  than  the  dry  thread,  and  twice  as  good  as  the  thread 
iii^pped  in  sealing  wax  :  so  that  a  fibre  of  silk,  even  when 
included  in  the  lac,  diininishca  its  insulating  power.  We 
also  learu,  that  the  dissipation  along  these  substances  is 
not  entirely  owing  to  moialure  condensed  or  adherent  oa 
their  surfaces,  but  to  a  small  degree  of  conducting  power. 
We  have  repeated  many  of  these  experiments,  and  find  that 
the  conducting  power  of  silk  thread  depends  greatly  on  its 
wlour.  When  of  a  brilliant  white,  or  if  black,  lis  conduct- 
uing  power  seems  to  be  the  greatest,  and  a  high  golden  yellow, 
or  a  nut  brown,  seemed  to  be  the  best  iosulalors ;  doubtless 
the  dyeing  drug  is  as  much  concerned  as  the  fibre. 

Glass,  even  in  its  dryest  state,  and  in  situations  wliere 
inoislure  could  have  no  access  to  it,  lis.  in  vessels  contain- 
ing caustic  alkali  dried  by  red  heat,  or  holding  fresh  made 
quicklime,  appeared  in  our  experiments  to  be  considerably 
better  than  silk ;  and  where  drawn  into  a  slender  thread,  and 
covered  with  gum  lac  (melted),  insulated  when  three  times 
the  length  of  a  thread  of  lac  ;  but  we  found  at  the  same  time, 
that  extreme  fineness  was  necessary,  and  that  it  dissipated 
in  proportion  the  Kjuare  of  its  diameter.  It  was  remark- 
ably hurt  by  having  a  bore,  however  fine,  unless  the  bore 
could  also  be  coated  with  lac  Human  hair,  when  complete- 
ly freed  trom  every  thing  that  water  could  wash  out  of  it, 
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and  then  dried  by  lime,  and  coated  with  lac,  was  c 
silk.  Fir,  and  cedar,  and  larch,  and  ihe  rose-tree,  when  split 
into  filaments,  and  first  dried  by  lime,  and  afterward§  baked 
in  an  oven  which  just  made  paper  become  faintly  brown, 
seemed  hardly  inferior  to  gum  lac. 

The  while  woods,  as  they  are  called,  and  mahogany,  wen 
much  inferior.  Fir  baked,  and  coated  with  melted  lac,  see  .u 
therefore  the  best  support  when  strength  is  required.  The 
lac  may  be  rendered  less  brittle  by  a  minute  portion  of  pure 
turpentine,  which  has  been  cleared  of  water  by  a  little  bal- 
ing, without  sensibly  increasing  its  conducting  power.  Lac, 
or  seaUng  wax,  dissolved  in  spirits,  is  far  inferior  to  its  liqiu ' 
state  by  heat. 

These  observations  may  be  of  use  for  the  couBtruct 
electrical  machines  of  other  electrics  than  glass. 


'cr.    Lac, 
litsliquj^^ 

ructuM^H 


We  have  now  given  a  comparison  of  the  hypothesis  oT 
Mr,  i^pinus  with  the  chief  facts  observed  la  electricity,  dj- 
verdfied  by  every  circumstance  that  seemed  likely  to  influ- 
ence the  result,  or  which  is  of  importance  to  be  known.  We 
trust  that  the  reader  will  agree  with  us  in  saying  that  the 
agreement  is  as  complete  as  can  be  expected  in  a  theory  of 
this  kind ;  and  that  the  application  not  only  seems  to  ex- 
plain the  phenomena,  but  is  practically  useful  for  direcUng 
us  to  the  procedures  which  are  likely  to  produce  the  effect 
we  wish.  Thus,  should  our  physiolo^cal  opinions  suggest 
that  copious  transference  of  fluid  is  proper,  our  hypothesis 
points  out  the  most  effectual  and  the  most  convenient  me- 
thods for  producing  it.  We  learn  how  to  constipate  the 
fluid  in  a  quiescent  state,  or  how  to  abstract  as  much  of  il 
as  possible  from  any  part  of  a  patient ;  we  can  do  this  even 
in  the  internal  parts  of  the  body.  We  had  once  an  oppor- 
tunity of  seeing  what  we  thought  the  cure  of  a  paralysis  d 
the  gullet.     Electricity  was  tried,  flrstin  the  wayof  spi 
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and  then  small  shocks  Ukcn  across  tlie  traclita.  Tlicse  could 
nol  be  tolerated  by  llie  patient.  The  surgeon  wibhe(i  lo  give 
a  shock  to  the  (esophagus  without  affecting  the  trticheu.  We 
reconunendcd  a  leaden  pislul  bullet  at  the  end  of  a  strong 
wire,  the  whole  dipped  la  melted  sealing  wax.  This  was 
introduced  a  htde  way,  we  think  not  more  than  three  inches, 
into  the  guUet,  which  the  palsy  permitted.  A  very  slight 
charge  was  given  to  it  in  a  few  seconds ;  and  the  £rst  shock  . 
produced  a  convulsion  in  ihe  muscle,  and  the  second  remov« 
ed  the  disorder  completely.  Here  the  hall  formed  the  inner, 
and  the  gullet  the  outer,  coating  ul'  the  httlc  Leyden  phial. 

Notwithstanding  ihe  Hatlcring  testimony  given  by  the 
great  conformity  of  this  doctrine  with  the  phunomena,  we 
still  choose  to  present  it  under  the  title  of  a  hypothesis.  We 
have  never  seen  tlie  electric  fluid  in  a  separate  state ;  nor 
liave  we  been  able  to  say  in  what  cases  il  abounds,  or  when 
it  is  deficteDL  After  what  wc  have  seen  in  the  late  experi- 
ments gf  that  philanthropic  philosopher  Count  Rumfurd  on 
the  production  of  heat  by  friction,  wc  think  that  we  cannot 
be  loo  cautious  on  what  grounds  wcadiuit  invisible  agi'uls 
to  perrorm  the  operations  of  Nature.  Wc  diink  that  all 
taiM  acknowledge  that  diose  experiments  lend  very  much 
lo  Maggor  our  belief  in  tlie  existence  of  a  fluid  xui  generis,  a 
Grc,  beat,  caloric,  or  what  we  please  to  C4II  >';  and  all  will 
acknowledge,  that  no  better  proots  can  be  urged  lor  ihccX' 
istencc  of  an  electric  fluid. 

225.  Accordingly,  many  acute  .ind  ingenious  persons  liave 

Injected  the  notion  of  die  existence  of  an  electric  fluid,  and 
bive  al  tern  pled  to  shew  that  the  phenomena  proceed  not 
fnatthc  presence  of  a  peculiar  /.ubUaiKt,  but  from  peculiar 
■nlct ;  as  wc  know  that  sound,  and  some  concomitant  mo^ 
lioDs  and  otlier  mechanical  appearances,  ore  the  results  of 
Uk  clastic  undulations  of  air ;  and  as  Lord  Bacon  and  others 
lun  explained  the  effects  of  fire  by  elasuc  undulations  of 
the  iategnuit  particles  of  tan^ble  matter.  -^^1 
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We  have  seen  nothiDg,  however,  of  this  kind  thst  a 
to  give  any  cxplanat.on  of  the  motions,  pressures,  and  other 
mechanical  appearances  of  electricity.  We  pcremploiily  re- 
quire, (hat  every  doctrine  which  cliums  the  name  of  an  ex- 
planation, shall  be  perfectly  consistent  with  tlie  acknowledged 
laws  of  mechanism  ;  and  that  the  explanation  shall  coosist 
in  pointing  out  those  mechanical  laws  of  which  the  facts  in 
electricity  are  particular  instances.  It  is  no  difficult  matter 
to  present  an  intricate  or  complex  phenomenon  to  our  view, 
)□  such  a  form,  that  it  shall  have  some  reaemblance  to  some 
other  complex  physical  fact,  more  familiar,  perhaps,  hut  not 
better  understood.  The  specious  appearance  of  similatity, 
and  the  more  familiar  acquaintance  with  the  other  pheno- 
menon, dispose  us  to  consider  tlie  comparison  as  a  sort  of 
explanation,  or,  at  least,  an  iilustraUon,  and  to  have  a  sort  of 
indolent  acquiescence  in  it  as  a  theory. 

But  this  willnot  do  in  the  present  question  :  For  we  have 
here  selected  a  particular  circumstance,  the  observed  motions 
occasioned  by  eleclricity,  and  called  atlraclions  and  repaUiim 
—a  circumstance  which  admits  of  the  most  accurate  exami- 
nation and  comparison  n>ilh  any  explanation  that  is  attempt- 
ed. In  such  a  case,  a  vague  picture  would  speedily  vanitli 
into  air,  and  prove  to  be  nothing  but  figurative  ex preasimw. 

236.  Many  philosophers,  and  among  them  some  respect- 
able mathematicians,  have  supported  the  doctrine  of  Du  Fst, 
Symmer,  Cigna,  &c.  who  employ  two  fluids  as  agents  in 
all  electrical  operations.  It  must  be  granted  that  there 
are  some  appearances,  wliere  the  explanation  by  mesni  oT 
two  Suids  seems,  at  first  sight,  more  palpable  and  euier 
conceived.  But  whenever  we  attempt  to  obtain  mamra, 
and  to  say  what  will  be  the  precise  kind  and  degree  of  the 
actios,  we  find  ourselves  obliged  to  assign  to  the  parlides 
of  those  fluids  actuating  mechanical  forces  precisely  equivi- 
lent  to  those  assigned  by  ^pinus  to  his  dngle  fluid.  Then 
we  have  to  add  some  mysterious  unexplained  coDncclitnu, 
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both  with  each  other  and  with  the  other  particles  of  tangiUe 
matter.  If  we  except  Mr.  Prevost,  in  hb  Esaai  sur  lee  For- 
ces Magmtiquts  et  Electrujuea^  we  do  not  recollect  an  autlior 
who  has  ventured' to  iMibject  his  system  to  strict  examina- 
tion, bj  pointing  out  to  us  the  laws  of  acUon  according  to 
which  he  conceives  the  particles  influence  each  other.  We 
shall  hkve  a  prcpet  opportunity,  in  the  arucle  Maomi^tism, 
to  gLve  this  authorV  theory  die  attention  it  really  meritit 
We  ventiue  to  say,  that  aU  the  chemical  theories  of  electri- 
dtj  labour  liader  these  inconvenitoces, 'and  have  acquired 
their  influence  merely  from  the  inattention  of  tlicar  partisans 
to  the  laws  of  mechanical  motion,  and  requhre,  in  order  to 
reconcile  them  Ivitb  those  la>f  s,  the  adoption  of  powers  si- 
milar, to  -^pinus's  iattractions  and  repulsions.  Slight  rcsem- 
idafabes  to  pbenotnena, -which  stand  equally  in  ne^  of  ex- 
planation, hate  contented  the  partisans  of  sucb  theories,  and 
Sgnkativb  langoage^andlnetaphorical  conceptions  have  taken 
place  of  pnkase  discussion.  It  would  be  endless  to  examitte 
them  aU* 

297.'  The  most  spedous  of  any  that  we  know  was  pub- 
lidy  read  in  the  university  of  Edinburgh  by  the  late  .Mr. 
James  Bussel,  Professor  of  natural  philosophy ;  a  person  of 
tbemost  acute  discernment,  and  an  excellent  reasoner.  It 
was  delivered  to  his  pupils,  not  as  a  theory^  but  as  a  confec' 
ture^  founded  on  Lord  Eames^s  theory  of  spontaneous  eva^ 
poration,  which  had  obtained  a  very  general  reception ;  a 
conjecture,  said  the  Professor,  founded  on  such  resemblan- 
ces as  made  a  similarity  of  operation  very  probable,  and  was 
an  indtement  and  direction  to  the  philosopher  to  a  proper 
tnun  of  experimental  discussion.  We  say  this  on  the  au- 
thority of  his  pupils  in  the  years  1767,  1768,  and  1769, 
and  of  some  notes  in  his  own  hand  writmg  now  in  our  pos- 
sesdon. 

'  Mr.  Russd  considered  the  electrical  phenomena  as  the 
results  of  the  action  of  a  substance  which  may  be  called  the 
eUdrualJIuidj  wluch  is  connected  with  bodies  by  attractive 
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and  repulsive  forces  acting  at  a  distance,  and  diminishing 
as  the  distance  increases. 

Mr.  Russel  speaks  of  the  electric  fluid  as  a  compound  of 
several  others ;  and,  particularly,  as  containing  elementary 
fire,  and  deriving  from  it  a  great  elasticity,  or  mutual  re- 
pulsion of  its  particles.  This,  however,  is  cUfferent  from  the 
elasudty,  or  mutual  repulsion  of  the  particles  of  air,  because 
it  acts  at  a  distance ;  whereas  the  particles  of  air  act  only  en 
the  adjoining  particles.  By  this  constitnticm,  bodies  contun- 
ing  more  electric  fluid  than  the  spaces  around  tbcm  repel 
each  other. 

The  partides  of  this  electric  fluid  attract  the  particles  of 
other  "ttodies  with  a  force  which  diminishes  by  distance. 

The  characteristic  ingredient  of  this  fluid  is  SLSCTBicirr 
properly  so  called.  This  is  united  with  the  elastic  floid  by 
chemiod  affinity,  which  Mr.  Russel  calls  ekcHveatiraitiamfB 
term  introduced  into  chemistry  by  Dr.  Cullen  and  Dr.  Black. 
This  extends  to  all  distances,  but  not  predsdy  by  the  same 
law  as  the  mutual  repulsion  of  the  particles  of  the  other  BwA, 
and  in  general,  it  represses  the  repulsions  of  that  fluid  while 
in  this  state  of  composition.  This  electrinty,  moreover,  at- 
tracts the  particles  of  other  bodies,  but  with  certain  decdons. 
Non-electric  or  conducting  bodies  are  attracted  by  it  at  all- 
distances  ;  but  dectrics  act  on  it  onlv  at  verv  small  and  ii^ 
sensible  distances.  At  such  distances  its  partides  also  at- 
tract each  other. 

By  this  constitution,  the  compound  electric  fluid  repds 
its  own  particles  at  all  considerable  distances,  but  attracts  at 
verv  small  distances.  It  attracts  conducting  bodies  at  aU 
distances,  but  non-conductors,  only  at  very  small  distances. 
The  phenomena  of  light  and  heat  are  considered  as  mwks 
of  partial  decomposition,  and  as  proofs  of  the  presence  of 
t  lenientarv  tire  in  the  compound :  the  snidi  peculiar  to  eleo- 
triciiy,  and  the  ofTect  on  the  organ  of  taste,  are  proofs  of  dcK 
a^mposition  and  of  the  complex  nature  of  the  fluid. 
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(cxinductors)  coDtaining  el«;tric  fluid,  repel  each 
at  considerable  distances,  but,  if  forced  very  near,  aU 
acb  other.  Electrics  can  contain  it  only  inconsequence 
eUctrieilj/  in  the  compound.  Port  of  this  electricity 
be  attached  to  the  surface  in  &  non-elaatic  state ;  be- 
when  it  13  brought  so  near  as  to  be  attracted,  its  par- 

within  the  spheres  of  each  other's  action,  and  thia 
}led  attraction  oyercomes  the  repulsion  occasioned  by 
on  with  the  other  ingredient ;  and  the  electric  fluid 
ly  decomposed,  and  the  tUctricitt/,  properly  so  called, 

9  to  the  surface  of  the  electric,  ii#  tkr  waitr  of  damp  air 
w  to  a  cold  pane  of  glass  in  our  windoics.  Also,  by  this 
:ution,  electric  fluid  may  appear  in  two  states ;  elasiic, 
r,  when  entire ;  and  unelastic,  like  water,  when  parl- 
omposed  by  the  attraction  of  electrics. 

!:^tdty  may  be  forced  into  this  unelastic  union  by  va- 
neuis ;  by  friction,  which  forces  the  electric  fluid  con- 
in  (he  air  into  close  contact,  and  thus  occasions  this 
position  of  the  fluid  and  the  union  of  its  c/ecfrictYy  with 
rfacc.  This  operation  is  compared  by  Mr.  Russel  to 
>rcible  wetting  of  some  powders,  sucli  as  lycoperdon, 
Cannot  be  wetted  without  some  difliculty  and  mecha- 
napmsion;  after  which  it  adheres  to  water  strong- 
l  may  be  thus  united  in  some  natural  operations,  as 
erred  in  the  melting  and  freezing  of  some  substances 
lUct  with  electrics ;  and  it  may  be  thus  forced  iuto 
hy  ateons  of  metallic  coatings,  into  which  the  electric 
t  forced  by  an  artful  employment  of  its  mutual  rcpul- 
This  operation  is  compared  to  condensation  of  the 
re  of  damp  air  by  a  cold  pane  of  the  window  ;  and 
lettation  of  the  other  side  of  the  coated  pane  is  com- 

10  the  evaporation  of  the  moisture  from  the  other  side 
window  pane,  in  consequence  of  the  heal  which  must 
;  from  the  condensed  vapour.  We  find  in  the  Pro- 
notes  above-mentioned,  many  such  partial  analogies, 

'ed  to  shew  the  students  that  tuch  things  arc  seen  in 


IM 
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ihe  operalions  of  Nature,  and  that  bU  oonjecluwi 
tention. 

The  intell)|>ent  reader  will  see  that  th«  gcneml  rcsultsof 
this  constitution  of  the  electrio  fluid  will  tally  pretty  veil 
with  the  ordinary  electrical  phenomena ;  and.  accordli^ly, 
this  cmyVrfwe  was  received  with  groat  satisfaction.  We  r*- 
tnemlier  the  being  much  pleased  with  it,  as  we  h«atd  it  Sp- 
plied  by  Mr.  Russel's  pupils,  many  of  whom  will  MCoUcet 
what  is  htre  put  on  record.  But  the  attentive  reader  will 
also  see,  that  all  this  intricate  combination  of  difiereol  kindi 
of  attraction  and  repulsion  is  nothing  hut  mere  accontcn^ 
dations  of  hypothetical  forces  to  tlie  phenomena.  How  iiw 
comparably  more  beautiful  is  the  simple  hypotliesis  of  JE^ 
nuB,  which,  without  any  such  accommodationst  tallies  n 
precisely  with  all  the  phenomena  that  have  yet  bceojobaerv- 
cd  ?  Here  no  distinction  of  luXion  is  ncceseary,  and  all 
tlie  vaneties  are  consequences  of  a  circumstance  peifedlj 
agreeable  to  general  laws;  namely,  tliat  the  internal  stru& 
ture  of  some  subtttunces  may  be  such  aa  obstructs  tlieiiii>< 
tiuu  of  th<^  electric  fluid  through  the  pures^Nothing  is 
more  likely. 

228.  Several  years  afterlhe  death  of  the  Scotch  ProfiB- 
sor  in  1773,  a  theory  very  much  resembling  this  acquired 
great  authonty,  being  proposed  to  the  philosophers  by  ibe 
celebrated  naturalist  Mr.  deLuc.  This  gentleman  btviag 
long  cultivated  the  study  of  meteorology  with  uiiweancd 
assiduity  and  great  success,  and  having  been  so  familiorij 
conversant  with  expansive  fluids,  and  the  afTinities  of  thdi 
compounds,  was  disposed  to  see  their  operations  in  almost 
dll  the  changes  on  the  surface  of  this  globe.  ElnAridty 
was  too  busy  an  actor  in  our  atmosphere  to  escape  his  par- 
ticular notice.  While  the  mechanical  philosophers  endea- 
voured  to  explain  its  effi-cts  by  arx^elcrating  forces  attracting 
and  repelling,  Mr.  de  Luc  endeavoured  to  explain  them  by 
nieana  of  the  expansive  properties  of  aeriform  fluids  and 
gases,  and  by  their  chemical  affinities,  compositions,  and  do- 
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ions.  He  had  formed  to  himself  a  peculiar  ofoluDO 
coocerDiDg  the  constitution  of  our  atn)cis[ihere,  and  had  ex- 
plained the  condenuitioQ  of  moisturi.-,  whether  of  steam  or 
f^  damp  aeriform  fluids,  in  a  way  much  more  refined  than 
the  simple  theory  of  Dr.  Hooke,  vis.  solution  in  air.  He 
considers  the  compound  of  air  and  fire  as  the  carrUr  of  the 
water  held  in  golution  in  damp  air,  and  the  fire  as  the  gene^ 
ral  earner  of  both  the  air  and  the  moisture.     Even  Jin  is 

^con^ered  by  him  as  a  vapour,  of  which  light  is  the  carrier. 
When  this  damp  air  or  steam  is  applied  to  a  cold  surfacC) 
■uch  AS  that  of  a  glass  pane,  it  is  decomposed.  The  water 
is  attracted  bj  the  pane  by  chemical  affinity,  and  attaches 
itself  to  the  surface.  The  fire,  thus  set  at  liberty,  acta  on  - 
the  pane  in  another  way,  producing  the  equilibrium  of  tetn- 
perature,  and  tlie  expansion  of  the  pane.  Acting  in  the 
same  manner  on  the  moisture  which  chances  to  adhere  to 
the  other  «de,  in  a  proportion  suited  to  its  temperature,  it 
(lestmya  their  union,  enters  into  chemical  combination  with 
the  moisture,  and  fits  it  for  uniting  with  the  air  on  the  other 
side,  or  carries  it  off.  Having  read  Mr,  Volla'a  theory  of 
tleclric  injiuetices,  by  which  that  philosopher  was  enabled  to 
^ve  ft  scientific  narration  and  arrangement  of  the  phenome- 
na t^  the  eleelrop/iorus  newly  invented  by  himself,  and  which 
ic  called  an  explanation  of  those  phenomena,  Mr.  tie  Luc 
imagined  ihut  he  saw  a  close  analogy  between  those  injliien- 
Mr  on  the  plates  of  the  electrophorus  and  the  hj/groHopic 
phenomena  of  the  condensation  and  evaporation  of  moisture. 
In  short,  he  was  struck  with  the  resemblance  between  the 
eoadensalion  of  moisture  on  one  side  of  a  gla.=5  pane,  and  its 
evaporation  from  the  other;  and  the  accumulation  of  elec- 
tric fluid  on  one  side  of  a  coated  pane,  and  the  abstraction 
of  it  from  the  other.  Subsequent  examination  pointed  out 
to  liim  the  aame  analogy  between  all  other  hygroscopic  aad 
tlettric  phenomena. 

He  therefore  immediately  farmed  a  similar  opinion  con- 
cerning the  electric  operations.  It  may  be  expressed  briefly 
as  follows  ■ 
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* 

229.  The  electrical  phenomena  are  the  operatknui  of 
expansive  substance,  called  the  ekctrie  JUdd.  This  comistt 
of  two  parts :  I.  EUclric  matter^  which  is  the  gravitating  part 
of  the  compound ;  and  electric  deferent  fluids  or  carrying  Jbdi^ 
hj  which  alone  the  electric  matter  seems  to  be  carried  from 
one  body  to  another.  The  resemblance  between  the  hy- 
groscopic and  electrical  phenomena  are  affirmed  to  be*, 

1.  As  watery  rapour  or  steam  is  composed  of  fire,  the 
deferent  fluid,  and  water,  the  gravitating  part,  so  efacfne 
pdd  is  composed  of  the  dectric  deferenijlmdy  and  dedtrk  mai- 
ter. 

2.  As  vapwira  are  partly  decomposed  when  too  dense  for 
their  temperatures,  and  then  their  deferent  fiwd  becomes  free, 
and  shews  itself  as^re ;  so  electric  Jluid  that  is  too  dense  is 
decomposed,  and  its  dtftradfiuid  manifests  itself  in  thepAoc- 
phoric  BnAfkry  phenomena  of  electricity. 

3.  Aafire  quits  the  water  of  vapour^  to  unite  itsdf  with  a 
body  less  warm ;  so  the  electric  deferent  quits  the  dedric  mat' 
ter^  in  part,  to  go  to  other  bodies  which  have  pnqmtionally 
less  of  it. 

In  this  analogy,  however,  there  is  a  distinction.  Fire,  in 
quitting  the  water  in  vapour,  remains  actuated  by  nothing 
but  its  expansive  force ;  remains  free,  and  extends  itself 
till  the  equilibrium  of  temperature  is  restored  ;  but  the  dM^ 
trie  deferent,  when  disengaged  from  electric  nuitter,  in  cmler 
to  restore  its  peculiar  equilibrium,  is  actuated  by  tendendei 
to>  distinct  bodies,  and  acts  by  this  tendency  in  thus  restor- 
ing the  electric  equilibrium ;  and  it  is  only  in  consequence  of 
this  tendency  that  it  quitted  the  electric  matter.  This  tenden- 
cy is  then  directed  to  some  body  in  the  vicinity. 

4.  As  the^re  of  vapour  pervades  all  bodies,  to  restore 
the  equilibrium  of  temperature,  clepo^ng  the  water ;  so  the 
electric  deferent  quits  the  electric  matter,  to  restore  the  dectric 
cqurlibrium  in  an  instant,  and  for  this  purpose  pervades  all 

^  *  Sec  Idict  tVT  la  AJetcorologie,  §  266,  fcc. 
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Indies,  depositing  on  them  the  electric  imtttr  which  it  car- 
ried, but  difft'rently,  according  lo  their  natures. 

5.  As  fire  and  wattr,  while  composing  capour,  retain  their 
ttttdeacin  and  a^ilits  by  which  they  produce  tlie  kygrateopic 
phenomena :  bo  the  ingredients  of  the  tltdrit  fluid,  even  in 
their  slate  of  union,  retain  (heir  (t-fM^au  and  a^ntftn,  which 
produce  the  greatest  port  of  the  electric  phenomena. 

6.  In  particular,  the  ebctnc  mal/rr  retains  its  (rnffenriM  and 
^bttlieM ;    and  i'arlher,  the  electric  affniiiei  are,  like  the  ht/- 

tpic,  without  any  choice. 
Here,  however,  there  is  a  farther  distinction.     The  affi- 
nities of  water  respect  only  hygrosctyie  substances;    but 
ifaoK  of  electric  aiattcr  respect  all  substances,  and  therefore 
napect  the  common  atmospheric  fluids. 

7.  When^f  quits  the  icaler  of  vapour,  to  form  the  f^ui- 
libritm  of  tanperaturc,  it  remains  in  the  place  where  vapour 
most  abounds,  but  is  partly  latent,  not  exerting  its  powers ; 
so  in  the  restoration  of  the  equilibrium  of  the  electric  deferent 
among  neighbouring  bodies,  those  which  have  proportional- 
ly most  titctric  matlcr  also  retain  most  drferad  fluid,  but  in 
a  latent  stale. 

8.  As  two  masses  of  tapour  may  be  in  txpamive  eqvt'U- 
brium  (whicli  others  call  balancing  each  others  elasticity)  al- 
though the  vapours  contain  very  different  proporlluns  offlre 
and  water;  so  two  masses  of  electric  fluid  may  be  in  expan- 
Hve  tquiiilirium,  although  one  contains  much  more  eUetric 
noUer  in  the  same  bulk,  provided  that  the  electric  deferent  be 
dso  more  copious. 

The  chief  distinction  that  mingles  with  these  analogies 
IS,  that  the  aflinity  of  toaler  lo  Hygroxcopic  substances  ope- 
rates only  in  contact,  whereas  electric  matter  tends  to  distant 
bodies ;  and  these  distances  are  very  different  in  regard  lo 
dflcreat  bodies. 
Such  is  the  resemblance  which  has  appeared  so  strong  to 
de  Luc  It  is  evidently  the  same  which  furnished  tlie 
to  Mr.  Bussel,  and  which  he  considered  mi.'cha- 
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nically,  in  order  to  explain  the  phcnotaena  of  dtSbjemo- 
tions  to  students  of  mecliaoical  [^litosophy.  The  only  re- 
semblance seems  to  us  to  appear  in  the  condensatioR  of 
moisture  contained  in  damp  air. 

Mr.  lie  Luc,  led  by  the  habits  of  his  former  studies,  at- 
lempt«  to  explain  eveiy  thing  by  the  relations  which  were 
most  familiar  to  him,  ajfaiiiies  and  expatuhe  farces.  \jeK  as 
attend  a  little  to  the  manner  in  which  be  explains  one  or 
two  of  the  most  general  facts. 

230. — First,  The  conditions  of  coHductors  and  mm-conthKU 
or«. 

This  distinction  depends  on  the  differences  in  the  tftiden- 
ty  to  distant  bodies :  there  are  great  differences  in  these 
distances  according  to  the  nature  of  the  bodies ;  and  from 
thb  arise  great  diHerenccs  of  phenomena,  independent  of 
insulation  or  nan -insulation,  which  are  only  the  sensble 
distinctions  of  these  classes  of  bodies.  Electric  mattee  tends 
to  conductors  at  great  distances  ;  but  having  reached  them, 
it  does  not  adhere,  and  remains  free  to  move  round  them, 
being  dragged  by  the  deferent  fluid  ;  but  its  tendency  to 
iwn-eondactora  is  only  at  sRiall  and  insendbte  distances ;  and 
having  come  into  contact,  it  adheres,  and  can  no  longer  be 
dragged  by  the  deferent  fluid. 

Hence  the  operation  of  conductors  and  non-conductors;  and 
there  is  no  other  foundation  for  the  uotioD  of  idio-tltclria 
and  non-cUctricSf  or  electrics  by  communication.  A  part  of 
■  non-conductor  takes  as  much  electric  matter  as  it  can  from 
the  substance  furnishing  it;  but  cannot  communicate  it 
to  another  port,  except  very  slowly ;  therefore,  to  ummiu- 
nicate  it  to  tlie  whole  surface,  we  must  cover  it  with  a  con- 
ductor. (Surely  this  is  a  distinction  in  the  body,  indepetident 
of  the  distance  of  mutual  tendency !) 

Hence,  too,  the  property  of  non-conductors  by  which  tb« 
electric  fluid  b  bemanbtd  fengvurdi)  or  cramped  ;  tbenfbre 
we  can  accumulate  a  great  deal  in  them  ;  and  il  will  cemaiD 
long  being  btmmlied  ;  MXtd  if  it  be  detemuned  to  quit  tittm 
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m  once,  the  current  will  be  much  more  dense  than  when 
(juiitiiig  an  equal  conducting  siirrace. 

Since  condnctors  do  not  fix  tho  tUclric  Jluid,  it  miut  cirrulate 
rmmd  than.  It  is  urged  to  this  motion  by  its  cijKitistur  pow- 
er, by  vhioh  it  would  disperse  Trom  a  body  with  iDconceiv- 
■ble  velocity,  anti  perhaps  the  rapidity  of  its  motion  would 
decompose  it,  and  cause  some  tight  lu  emerge;  but  it  is  at 
(he  same  time  impelled  by  its  tauitnty  to  bodies.  Thus, 
by  these  two  forces,  it  runs  to  a  conducting  bodi/,  and  mast 
circulate  round  it  as  the  planets  do  round  the  sun.  In  this 
circul.ilion,  if  it  come  to  any  great  projection,  it  cannot  fol- 
low the  oiitlrnc,  because  so  abrupt ;  it  therefore  flies  ofi*  at 
all  points  and  protuberances.  It  will  be  the  more  difficult 
to  keep  to  an  abrupt  outhne  as  the  Etrattim  in  circulation  is 
more  cojnuus  or  deeper,  because  a  greater  maKS  ia  witbdiffi- 
culty  turned  round  a  sharp  angle.  It  is  more  inclined  to 
escape  if  another  body  be  near,  and  it  immediately  becomes 
satellite  to  that  body. 

Thus  all  bodies  get  a  aiiare  of  electric  fluid,  circulating 

ind  conductors,  and  bmumbcd  or  cramptd  in  non-eoJtdtic- 

Bodies  of  this  last  class  receive  thdr  portion  by  the 

■  as  hygroscopic  substancts  receive  their  water  by  the  Jlrt. 

All   the  difttTcnccs  in  the  tendencies  to  botlies  proceed 

im  the  eltctric  matltr.     The  dejirtnt  fluid  follows  other 

namely,  I.  Its  tendency  to  all  substances  is  greater 

that   of  the  tlntric  matler  to  any  one.     8.    The  ten- 

:y  (and   also  that  of  the  ehctric  matttr)  is  always  ffom 

|«ie  body  which  contains  most  of  it,  to  that  which  coniuns 

3.  The  body  which  contains  most  of  the  one  also 

itains  most  of  the  other.     4.  The  dtfirent  Jhad  has  a 

licular  affinity  (chemical)  with  the  cUctric  matter.    5.  All 

tendencies  are  lessened  by  an  increase  of  distance. 

&  The  tUctric  matter,  when  composing  eUclric  fluid,  has 

nore  or  less  cxpansioe  force  as  it  is  united  to  mote  or  less  de- 
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Explanation  of  Charged  Plata. 

23 I.Mr,  de Luc  says (§  286),  tliat  hb  System  fl 
ed  by  Volla's  Tbtoty  o/tUctric  /iifuitices.  These  (says  he) 
Jiad  been  pretty  well  generatised  Mrtre,  but  with  Uttle  im- 
provement to  the  science,  till  Mr.  Volta  discovered  a  cir- 
cumstance which,  in  his  ofHoion,  connected  by  a  general 
theory  many  phenomena  which  had  formerly  no  observed  re- 
lation to  any  tiling.  Tliis  was,  that  what  a  body  clcdnfied 
potdively  brings  a  neighbouring  body  communieattng  tc^  iht 
grmmd  into  the  negative  stale,  its  oan  positive  tttxtricily  i» 
weakened  while  it  remains  in  that  neighbourhood,  but  is  rtcottr- 
ed  when  the  other  body  is  removed.  '•■  Such  is  the  distinguidi- 
ing  law  of  Mr.  Volta"s  theory,  which  brings  all  the  pheno- 
mena of  electric  influences  under  his  theory,  beginning 
vdth  those  of  coated  glass,  which  were  formerly  so  obscure, 
because  lliey  were  not  referred  to  their  true  cause,  8(c 

"  My  System  (Mr.  de  Luc  says)  concerning  the  nature 
of  the  electric  Jluid  explains  the  laws  of  Mr.  Volta's  theory; 
and  of  consequence  explains,  Uke  it,  all  the  phenomena 
friiich  it  comprehends :  but  it  reaches  much  farther,  Keing 
that  more  general  laws  comprehend  a  greater  number  of 
phenomena. 

"  In  the  phenomena  of  coated  glass,  I  plainly  saw  one  i^ 
the  procedures  of  watery  vapour.  Suppose  a  glass  pan^ 
moistened  on  both  bides,  and  having  the  temperature  of  the 
surrounding  bodies.  Suppute  that  warmer  vapour  comes 
to  one  side.  It  is  condensed  on  the  surface;  that  is,  it  is 
decomposed,  Uie  water  adheres  to  the  surface,  and  the  ^re 
penetrates  the  glass,  heats  it,  and  increases  the  evaporation 
from  the  other  side,  by  entering  into  combination  with  the 
wattr,  and  carrying  it  off  with  it.  More  vapour  is  condens- 
ed on  the  side  A ;  more Jfrc  reaches  the  side  1},  aud  carries 
off  more  water.  But  as  this  happen:,  only  because  the  frr 
also  raises  the  lentperature  of  the  pane,  it  is  evident  thai  the 
rondensation  on  the  side  A,  and  the  evaporation  from  D, 


EJ^CTllCITT. 


169 


K 


must  gradually  slacken)  and  the  maximum  of  aieumulalion  in 
A,  and  of  evaporation  from  B,  will  take  place  when  the  tem- 
perature of  iJie  pane  is  the  same  with  that  of  the  hot  vapour. 
"  The  electrical  phenomena  of  coated  glass  are  perfecdy 
nmilar.  The  tkctricjluid  reaches  the  side  A,  is  deconipo&- 
ed,  and  the  etedrtc  matter  is  there  benumbed  and  iixed  The 
deferent  fluid  penetrates  tlie  pane,  and  carries  off  tlic  drrtrie 
maUa-  from  the  siile  B.  This  goes  on,  but  sL-ickens ;  and 
le  maximum  of  accumulation  and  evacuation  obtains  when 
le  side  A  has  aojuired  the  same  intensity  of  elrctrieitj 
itJi  tlie  cliargiug  machine.  More  is  accumulated  in  A 
than  U  abstracted  from  B  ;  because  B  is  farther  from  the 
source  (lie  might  have  added,  lliat  part  of  ihe  Are  is  ex- 
pended in  raising  tlie  tem{>erature  of  the  pane) :  but  the  ac 
cumulation  is  imiclive,  because  the  electric  matter  is  benumbed 
and  fixed.  Though  the  eketric  Tnalter  is  much  diminished 
in  B,  yet  the  electric  fluid  in  its  coating  has  as  much  cX- 
panuve  force  as  that  of  the  ground  ;  because  it  has  a  sur- 
plus of  deferent  fluid.  The  aboslute  quantity  of  e/eftri: 
natUr  in  both  sides  is  somewhat  augmented." 

339.  This  explanation  of  the  Leydcn  phial  compreIiciid« 
the  wbole  of  Mr.  de  Luc's  theory  ;  and  the  constitution  of 
the  electric  fluid)  and  its  various  alHnities,  c\pansive  powers 
and  tendencies)  are  all  assigned  to  it  in  subserviency  to  this 
ezpU&gtion,  or  deduced  from  those  phenomena.  As  the 
author,  in  ail  his  writings,  claims  some  superioriij  over 
other  naturaltsts  for  more  general  and  comprehensive  views, 
and  lor  more  scrupulous  aitcniion  to  precision  and  measure 
ment,  and  particularly  for  mure  solioitude  that  do  natural 
agent  be  omitted  that  has  any  sliare  in  the  proceedure, — ^he 
surely  will  not  be  offended,  although  we  should  stale  such 
diflieuJtiea  and  objections  as  occur  to  us  in  the  consideration 
of  this  SiTETFM  (as  he  ciiooses  to  call  it)  of  electricity. 

We  wish  that  it  had  been  expressed  in  tlie  plain  end  pre- 
cise language  of  mechanical  and  chemical  science ;  fiir  he 
>vaK»u  eotirely  from  the  nature  gf  expansive  forces,  lenden- 
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cies,  and  affinities.  His  language  will  appear  to  some  tta- 
ders,  as  it  does  to  us,  rather  to  express  the  conduct  of  in- 
telligent l>eing9,  acting  with  choice,  and  far  a  purpose,  ifaan 
the  laws  of  lifeless  matter.  His  account  would  have  been 
lees  agreeable,  it  is  true,  but  moi^  instructive,  and  ]esa  >pt 
to  be  mistaken.  Metaphorical  language  is  seldbm  uded  witb- 
out  the  risk  of  metaphorical  conceptions;  and  the  reader  is 
very  apt  to  think  that  he  has  acquired  a  notion  of  the  «ub. 
ject,  while  he  is  really  thinking  of  a  thing  of  a  diffeiwit  ns- 
ture.  We  apprehend  that  a  great  deal  of  this  happens  in 
this  instance,  and  that  when  the  narration  is  stripped  of  ils 
figurative  language,  it  will  be  found  without  that  tiOunecttOB 
and  analogy  which  it  seems  to  possess. 

We  also  wish  that  the  explanation  had  been  derived  fiotn 
some  well-established  principle.  Tlie  whole  of  it  is  pr^t- 
itdly  founded  on  a  resemblance  between  the  phenomam  of 
electricity  and  some  things  said  of  watery  vapour  i  but 
these  are  not  the  phenomena  of  watery  vapour,  but  Mr.  df 
Luc'3  hypolhcsU  (he  will  pardon  us  the  term,  which  we  pr^ 
fer  to  system)  concerning  teattry  vapours.  We  do  not  ihint 
it  philosophical  to  explain  one  hypothesis  by  another,  Our 
tilustrious  countrymen  Bacon  and  Newton,  disapproved  rf 
this  practice ;  and  their  rules  of  philosophlung  have  siill 
currency  among  philosophers.  Explanation,  io  our  opiraon, 
is  the  pointing  out  some  acknowledged  general  fact  to  lo- 
ture,  and  shewing  that  the  particular  phenotnenun  is  aoet 
ample  of  it.  Wc  do  not  see  this  in  Mr.  de  Luc's  csplsm- 
tion ;  because  we  do  not  see  ihe/acU  in  the  case  of  wsUiy 
vapours  to  which  the  phfuomena  of  electricity  are  said  u 
have  a  resemblance.  The  phenomena  we  mean  are  dMj 
the  molioTU,  and  the  transfertrues  of  the  powers  prodmilf  _ 
fltich  motions:  we  do  not  speak  of  the  Itgkt,  and  i 
phenomena,  because  Mr.  de  Luc  does  not  speak  of  tl 
this  explanation.  We  shall  even  admit  the  tnaufc 
a  phtnommon,  although  we  do  not  see  any  substance  b 
furred  :    but  we  see  a  power  of  producing  certain  o 
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power  did  not  fortncTly  appear ;  and  the  appear, 
ance  of  (his  power  is  all  the  authority  adduced,  even  hf 
Mr.  de  Luc,  for  the  transference.  We  must  now  add,  thit 
the  electric  phenomena,  which  Mr.  dc  Luc  calls  like  th« 
phenomena  of  watery  vapour,  are  all  tuppositiona ;  and  that 
therefore  the  explanation  is  a  system  of  aupposition8,/raiiiei 
90  as  to  be  like  the  system  of  watery  vapour.  For  Mr.  At 
Luc  witl  grant,  that  on  the  one  hand,  we  see  nothing  lilw 
tlie  water  in  the  electric  phenomena;  and,  on  the  other 
band,  there  is  nothing  in  watery  vapour  hke  the  motiona  of 
tbe  eJectrcHiieters,  which  are  the  only  phenomkna  from 
whicb  Mr.  de'Luc  professes  to  reason. 

We  also  fear  that  the  very  curious  esperimenW  of  Count 
Rumford  on  the  melting  of  ice,  and  (he  propagation  of  heat 
through  liquids,  witl  ohiige  Mr.  de  Luc  to  change  the  tasks 
of  the  ingredients,  both  of  vapour  and  of  tlcclru  fluid.  Wa- 
ttr;  and  noiyfrf,  seems  to  be  the  carrier  or  drfrrtnt  fluid : 
and  we  think  that  Franklin  and  ..^pinus  have  made  it  higb- 
Vf  probable  that  electricity,  and  not  air,  is  the  carrier. 

We  have  also  great  ditHcuIty  in  conceiving  (indeed  wc 
cannot  conceive)  how  the  dcfertnl  fluid,  from  which  iho 
tferfw  matUr  has  been  detached  by  its  superior  affinity  wiiu 
the  adc  A,  can  overcome  the  samf  suptrtor  tffii'itt/  of  the 
Aetrie  mattfr  with  the  side  B  {'),  and  carry  it  off;  how  the 
liferent  fluid  penetrates  the  non-conducting  pane,  in  order 
to  carry  off  the  fkctric  matter  in  the  form  of  fluid ;  and  how 
t  do  this,  except  by  means  of  a  co«du.-ting  eaualt  in- 
■iriucb  it  is  txpraslr/  said  that  H  docx  not  petutrale.  It  must 
II  be  said  that  it  runs  along  tbe  surface  of  this  canal:  for 
kBnallest  wire  will  be  a  sufficient  conductor,  covered  a 
It  thick  with  scaling  wax.  This  indeed,  according  to  Mr 
■  ZiUC,  allows  the  deferent  jiui'tf  to  pass ;  hut  it  must  also, 
"   jl  to  him,  strain  it  pretty  clear  of  all  ekelrie  matter. 
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•  W«  may  here  ask.  He 
!t  already  lodged  in  B  >■ 
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For  we  cannot  help  thinkings  that  the  procesB  (although 
purely  ideal)  has  a  closer  resemblance  to  what  we  should 
observe  in  a  stream  of  muddy  water  poured  on  a  straiiwry 
both  sides  of  which  are  previously  fouL  If  we  wero  dis- 
posed to  amuse  ourselves  with  a  figurative  hypothesisy  we 
could  give  one  on  the  principle  of  fikratioii  that  is  veiy 
pretty,  and  pat  to  the  purpose,  of  glass  ccwted,  and  chaig^, 
and  discharged  by  conducting  canals. 

With  respect  to  the  suggestion  of  this  theory  by  Volta^s 
theory  of  electric  influences,  and  the-ignorance  of  naturalists 
before  that  time  of  the  true  state  of  things,  we  must  observe^ 
that  Mr.  Russel  proposed  the  same  analogy.  Jo  the  oonside- 
raUon  of  his  hearers  many  years  before ;  and  it.  was  very 
generally  known.  The  electric  influences  had  been  fuUy 
detailed  by  iEpinus  and  Wilcke  in  1759»  and  applied  with 
peculiar  address  and  force  of  evidence  by  Mr.  Cavendisli 
before  1771 ;  and  they  were  described  nearly  in  tlie  same 
way  by  Lane,  Lichtenberg,  and  others. 

And  with  respect  to  Mr.  Volta's  general  prindple,  whidi' 
Mr.  de  Luc  prizes  so  highly,  and  by  whicli  he  explains  every 
thing,  we  must  observe,  that  it  is  not  true  as  a  fkatamemm  in 
electricity;    but,  on  the  contrary,  the  positive  slaU  of  a  bodj^ 
ia  rendered  stronger^  or  more  remarkable^  6y  ifubtcing  tke  nega* 
live  state  on  a  neighbouring  body.      See  §  52.  and  66.     Mr. 
Volta  was  misled  by  the  appearances  of  the  electrophoru% 
which  had  engaged  all  his  attention,  and  modelled  all  his  no- 
tions on  these  subjects.     His  ol)servations  had  been  confin- 
ed to  disks ;  and  though  these  are  excellent  instruments  fur 
producing  very  sensible  effects,  they  are  quite  unfit  for  ev- 
araining  the  general  nature  of  electric  influences.     Even 
\i  ithout  much  knowledge  of  dynamics,  a  person  must  pe^ 
ccive  that  the  action  of  their  different  parts  on  the  electiD- 
meter  may  be  very  different,  by  reason  of  their  different  po- 
sitions and  distances  from  it.     Besides,  the  electrometen  of 
the  apparatus  described  by  Mr.  de  Luc  in  sect.  440,  4c 
tli'd  not  indicate  the  real  condition  of  the  disks  to  which  they 
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were  attached,  but  the  condition  of  tlie  remote  ends  of  over- 
diarged  conductors  of  considerable  length.     Therefore,  aU 
though  all  the  electrometers  fell  lower  when  the  other  group 
of  disks  was  brought  near,  the  positive  state  of  tlie  nearest 
disk  was  greatly  augmented.     The  most  unexceptionable 
apparatus  for  this  purpose  would  be  a  row  of  polished  balls 
an  insulating  stands,  placed  in  contact,  the  whole  charged 
positive ;  and  when  another  such  group,  or  a  long  body,  is 
brought  near.  Jot  xhe  balls  be  separated  at  once,  and  exa- 
mined apart  by  a  very  small  electrometer,  made  in  the  form 
of  our  figure  8.  We  presume  to  say  that,  if  the  other  group 
is  properly  managed,  and  made  to  communicate  tlioroughly 
with  the  ground,  the  positive  electricity  of  the  balls  nearest 
to  it  will  be  found  greatly  augmented,  and  that  every  one 
of  them  will  be  found  in  that  precise  state  of  electrification 
that  is  pointed  out  by  the  iGpinian  theory.     Mr.  de  Luc 
iias  made  and  narrated  the  experiments  with  the  disks,  and 
the  curious  figures  obser\'ed  by  Lichtenbergh,  with  great 
judgment  and  fidelity ;  and  they  arc  classical  and  valuable 
experiments  for  the  examination  of  the  theory.      We  may 
here  mention  a  very  neat  way  of  executing  the  apparatus  of 
iwdls,  which  was  practised  by  a  young  friend,  who  was  so  kind 
as  to  make  the  experiments  for  us,  when  our  thoughts  were 
turned  to  Mr.  de  Luc^s  theory.      Each  ball  was  mounted 
on  a  slender  glass  tod  varnished.      The  lower  end  of  tho 
sulk  was  fixed  in  a  little  block  of  wood  which  lind  a  square 
hole  through  it,  by  \%liivh  it  aliilcd  sieadily  along  a  horizon- 
tal bar  of  mahogany,  supported  at  the  ends  about  an  inch 
from  the  table.     Tlic  balls  were  made  to  separate  at  once, 
and  equally,  from  each  otiicn  by  a  chequcr-jointcd  frame, 
such  as  is  seen  in  the  toysliops,  carrying  a  company  of  foot 
soldiers,  who  open  and  close  their  ranks  and  files  by  pulling 
or  pushing  the  ends  of  the  frame.     Taking  out  the  pins  of 
tlie  middle  jmnts  of  this  chequered  frame-work,  and  widen- 
ing the  holes  for  receiving  the  glasb  stalks,  it  is  plain  that 
all  the  balls  will  separate  at  once,  in  the  very  state  of  elcc- 
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tridty  in  whidi  Ibey  wcve  when  io  the  aagbbdiiilKiQA  of 
the  MiHiisuIated  group.  This  apptntiis  conAtcd  of  n 
balls.  We  fouBd  the  baU  ta«M  the  other  group  much  imn 
•traogly  positive  than  before  bringing  thit  group  near;  and 
it  Iras  generallj  the  third  ball  whidi  seemed  equallj  ebefaao 
in  both  fltoations.  We  added  nine  balls  mcnre^  ounnfinting 
the  whole  by  a  timilar  oontrivance ;  and  found  it  a  moat  in* 
struetive  iqpparatus  for  the  theory  of  the  distribution  of  dM 
dectxic  fluid.  We  irish  that  it  had  occurred  to  ua  whm 
the  §  62,  be.  were  under  consideration. 

With  respect  to  the  condition  in  which  the  ckctiie  nMU 
ter  is  sud  to  be  lodged  in  the  ude  A  of  the  coated  psB^ 
where  Mh  de  Luc  says  that  it  is  fixed^  tngmrH  in  the  a» 
eimimimg  mrfact  (which  condition  Mr.  de  Luc  eonaidensi 
diaracteristic  of  such  substances),  we  must  say  that  the  ds» 
acription  of  its  state  is  by  no  means  agreeable  to  what  vs 
have  observed.  The  powers  of  this  dtehric  moffcr  at  ift 
more  betmmbed  or  enervated  (it  is  a  very  unphiloeo|UBil 
phrase),  that  if  it  were  in  a  conducting  body  at  the  aaam  dii* 
tancc  from  the  tsippoute  coating.  If  coatings  be  i^qp^  ^ 
a  blodc  of  glass  of  two  or  three  inches  in  thicknesi^  adl  if 
the  electrification  be  so  moderate  that  it  would  not  fly  Aon 
the  one  coating  to  the  otiier  when  the  glass  is  lemoved-HB 
sensible  difference  will  be  found  between  the  electridtj  d 
the  two  coatings  with  or  without  the  glass.  The  ekdw 
matter  in  the  side  A  has  not  its  powers  cng€ur£ ;  thcjsie 

hahnctd  by  the  powirra  of  tho  cido  B. 

But  how  will  Mr.  de  Luc  explain  the  chaiging  a  pane  ifr 
gatively  ?  How  will  he  bring  oiF  a  quantity  otdectric  ivttr,  .. 
greater  (according  to  his  own  account)  than  what  will  faei^  ^ 
nmnbtd  on  the  other  side  ?  Nay,  we  must  ask,  where  dosk  j 
find  it  ?  Is  there  a  quantity  already  bemumbed  there  ?  Wht  d 
is  to  revive  it  ?  ^• 

Let  us  now  consider  a  little  the  constitutian  of  the  wff^  ± 
dients  of  this  electric  fluid*  by  which  all  these  things  A  > 
brought  about.  And  in  doing  this^  let  us  banish,  wheopi^  .^ 
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siUfl^  all  figurative  language ;  and,  in  the  precise  and  dry 
phraamlngy  of  dynamics,  let  us  speak  of  the  motion  of  single 
particles  of  the  tkcirtcflwd^  defirtntftidd^  and  electric  matter. 
By  ixpandvt  paweVy  must  certainly  be  meant  such  a  power 
as  that  by  which  air-gases, inflamed  gunpowder,  steam,  and 
the  like,  enlarge  their  bulk,  and  which  is  clearly  manifested 
OS  a  mechanical  pressure,  by  bursting  vessels,  impelling  bul- 
lets or  pistons,  &c.  as  well  as  by  the  actual  enlargement  of 
the  bulk  of  the  fluid.  We  have  no  other  indications  of  its 
being  afaree;  and  therefore  our  notions  of  its  mode  of  act- 
ing must  be  derived  solely  from  what  we  understand  of  thb 
power  in  air  or  the  other  fluids.  Newton^s  Principia  are  our 
authority  for  saying,  tliat  all  that  we  know  of  it  is,  that  it 
acts  as  a  number  of  corpuscles  would  act,  which  repel  each 
other  with  a  force  inversely  proportional  to  their  distances ; 
tjiis  action  not  extending  beyond  the  adjoining  corpuscle, 
not  even  to  the  second.  We  know  a  good  deal  of  the  pro- 
pagation of  pressure  and  progresuvc  motion  through  such 
a  fluid,  when  it  is  confined  in  a  vessel,  or  system  of  vessels, 
of  any  form,  and  some  few  umple  circumstances  which 
take  place  in  the  elastic  undulations  which  may  be  excited 
and  propagated  through  it.  We  have  but  a  very  inJiutinct 
fwUcm  of  the  motions  which  one  mass  of  such  a  fluid  will 
produce  in  anotlier  mass,  when  both  are  at  liberty  to  ex- 
pand. But  we  are  certain  that  it  will  be  like  the  motion 
of  two  masses  of  air  blown  or  driven  against  eiHjJi  other. 
Now  these  electric  flukl*,  by  tl»cir  expansive  powers,  must 
act  like  those  others  with  whicli  we  are  more  familiarly 
acquainted.  And  here  we  venture  to  say,  that  the  ap* 
pearances  in  electricity  are  so  far  from  being  like  these,  that 
we  cannot  imagine  any  thing  more  remarkably  different. 
We  shall  mention  but  one  thing.  Every  mark  that  we  have 
for  the  presence  of  electric  Jluid  obliges  us  to  grant,  that  in 
an  overcharged  body  it  is  crowded  into  the  external  surface, 
fso  that  the  quantity  has  little  or  no  relation  to  the  quantity 
»t  matter  in  any  body  but  merely  to  its  surface.    This  is 
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quite  unlike  air,  or  any  other  expansive  fluid,  which  is  uid* 
formly  distributed  through  the  whole  space  compidieiided 
by  the  surface  which  bounds  it.  We  never  saw  any  thing 
like  streams  of  this  tkctricfiuidj  impelling  or  any  way  acting 
on  each  other,  except  in  the  transference  by  sparks  ;  ana 
th^re  it  was  indeed  like  the  motions  of  air,  for  it  was  vtii 
electric  fluidf  nor  ekctric  mattevj  but  tkeir^ed  air. 

Let  us  next  consider  the  tendencies  by  which  the  relations 
of  these  expansive  fluids  to  other  bodies  are  produced,  and 
the  electric  motions  are  said  to  be  explained.    We  obserre 
that  Mr.  de  Luc  avoids  the  use  of  the  words  attraeikm  and 
repulsion  J  so  much  employed  by  the  British  philosophers. 
He  considers  these  tendencies  as  determinate  impulsions, 
and  adopts  the  doctrine  of  Le  Sag^  ofGenevOj  who  has  not 
only  laid  Newton  under  great  obligations,  by  a  merfianwsl 
explanation  of  gravity,  but  has  also  explained  expansiooi 
elasticity,  chemical  affinity,  and  all  specific  tendencies,  to 
the  satisfaction  of  the  most  eminent  mathematicians.    To 
such  only  Mr.  de  Luc  professes  to  address  himselfy  who  are 
not  contented  with  a  doctrine  which  supposes  bodies  to  act 
where  they  are  not     But,  unfortunately,  Mr.  le  Sage  has 
never  obliged  the  world  with  this  explanation.   We  are  not 
most  eminent  mathematicians ;  but  we  are  able  to  prove, 
that  Mr.  le  Sage's  favourite  theorem,  mentioned  by  Mr.  de 
Luc  in  §  157,  158.  as  demonstrated  by  Mr.  Prevost,  the 
editor  of  Lucrece  Neutcmen^  is  a  complete  dereliction  of  tbe 
first  principles  of  Mr.  le  dagc,  aud  b  also  Incompatible  with 
mechanical  laws.     Mr.  de  Luc  should  have  given  a  demoo- 
stration  of  the  theorem  on  which  all  his  system  rested;  other- 
wise it  is  only  reviving  "  dixit  philosopkusj  ergo  rfnaa.* 

But  let  us  see  what  these  tendencies  perform.  Mr.  de 
Luc  says,  that  the  fluid,  setting  out  from  a  body  by  itB  ex- 
pansive power,  would  move  in  a  straight  line  with  inconoei^ 
able  velocity,  and  would  immediately  desert  even  tfaisglobe 
were  it  not  deflected  by  its  tendency  to  other  bodies.  We 
4p  not  see  whence  this  immense  velocity  is  derived.   But 
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tit  go  bff;  it  is  deflected  rrom  its  rectilineal  course  bj  Us 
tendency  to  some  conducting  body,  which  it  reaches,  but 
cannot,  or  does  not,  enter;  and  therefore  nuuf  cort/inuo/^ 
circulale  round  it,  ai  the  plaueU  circuialr  round  the  tun,  follow- 
ibg  its  outline,  if  not  too  abrupt,  but  flying  off  from  all 
points  in  the  direction  of  the  axis  of  the  point,  S:c.  Here 
we  Are  at  home;  for  this  ia  a  plain  dynamical  problem  of 
central  forces.  All  lliat  wc  shall  say  on  this  head  is,  that 
Mr.  de  Luc  has  certainly  not  considered  the  planetary  mo- 
tions with  ailentioD,  when  he  hazarded  this  very  compre- 
hensive proposition.  If  he  will  take  the  trouble  to  do  tliie, 
be  nill  see  that  every  part  of  it  is  inconsistent  with  ttie  ac- 
knowledged laws  of  mechanism,  and  that  the  motions  arc 
absolutely  impossible.  Besides,  we  know  that  it  will  not 
Aj  off*  from  a  hundred  points  placed  together,  which  is  a 
HI  more  abrupt  outline,  if  they  do  not  project  beyond  the 
a  of  ft  pit  in  which  they  stand  ;  yet  this  pit  only  makes 
e  oatDne  more  abrupt.  We  farther  believe,  that  no  per- 
wn  con  form  to  himself  any  distinct  notion  of  such  circula- 
tions round  every  conducting  body ;  they  will  be  more  nu- 
merous, aud  infinitely  more  confused  and  jarring,  than  all 
ibe  vortices  of  Des  Cartes.  How  can  such  motions  take 
place  round  a  bunch  of  brass  wire  buried  in  scaling  wax? 
^Hht  he  must  grant  that  they  really  happen  there;  or  what 
^HfeveDta  the  electric  Jluid  from  being  strained  clear  of  all  clee- 
^^k  tnfttter  in  passing  through  the  air  ?  ' 

Wc  would  also  ask,  why  the  tendency  is  always y™ni  the 
btufy  ctntittimng  most  oflhefiaid  to  that  contaimng  (east  ?  It  is 
not  enough  to  say  that  tt  is  so;  this  would  only  be  contriv- 
ing a  tiling  to  suit  a  purpose ;  a  reason  should  be  ^ven  if 
we  pretend  to  explain.     Now  the  tendency  to  a  distant 
body  is  (o  the  natter  \a  tliat  body,  without  any  relation  to 
the  fluid  in  it,  or  in  the  body  from  which  it  came. 
On  Uie  whole,  we  cannot  think  this  theory  is  any  thing 
^Bt  lelling  a  atory  of  ideal  beings,  in  very  figurative  tao- 
^Blgc^  whid)  gnes  it  some  animation  and  interest.     The 
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ditfl'rent  affinities,  tendencies,  and  powers,  ore  only  ways  of 
expressing certflin  ^ppoifd  events,  and  suited  to  those  events; 
but  it  gives  nu  exjtlanaiion  oi  the  oiscrvtd  mteJionkal  phony 
■mena  of  electricity,  shewing  trom  acknowledged  principles 
that  they  must  be  so. 

What  a  difference  between  this  laboured  and  intncalc 
mechanism,  and  the  simple,  perspicuous,  and  distinct  theory 
of  j^pinus  .'  Even  Mr.  Russers  explanation  is  more  intei- 
ligible,  and  more  applicable  to  the  modoas  which  are  really 
observed.  That  gentleman  saw  the  necesaity  of  consider- 
ing them  as  the  stibjects  of  mtdtankal  diMtsnow,  and  that 
all  that  was  wanted  was  to  find  out  what  law  of  distant  tKtion 
would  tally  with  the  phenomena.  Tlie  Scotch  fdnlosopbec 
was  careful  to  warn  his  hearers  that  he  only  proposed  a  cob- 
j'eclurx.  The  Swede  calls  his  [jtrformance  Tentamm  learnt, 
&c.  and  begins  and  concludes  it  with  expressly  saying,  that 
it  is  only  eJiifpo  (Ams.  The  English  nobleman  calls  hi»  dt*- 
serlation  an  Attempt  to  expliun  some  of  the  phenomena,  4c. 
None  of  these  philosophers  call  their  works  a  system,  whidi 
comprehends  all  theories,  whether  that  of  Volt*  or  of  any 
other  successful  inquirer. 

We  hope  to  be  excused  for  treating  so  largely  of  Uii» 
subject  It  struck  us  as  a  very  proper  example  of  the  b«A 
consequences  of  indulging  in  figurative  language.  Il  moB* 
fc*  very  seducing,  when  so  scrupulous  and  so  etninent  a  P^j 
Josopher  aa  Mr.  de  Luc  is  k-d  astray  by  it. 


£33.  We  conclude  this  long  article  by  obse 
whatever  raay  be  the  fate  of  Mr.  ^piuus's  J 
thtory,  his  classification  of  the  tacts,  and  his  predse  d 
mination  of  thewKAaTHCfl/  phenomena  to  be  expected  A 
any  proposed  situation  and  condition  of  the  substances,  v 
ever  remain,  and  be  an  unerring  direction  in  future  exp" 
mcnts ;  and  the  whole  is  an  iirustiious  spedmen  of  inge«k-\Aj 
ty,  address,  and  gouil  rea.wning.  We  hope  to  make  X^A 
itill  more  evident,  when  we  apply  it  to  the  quiet  and     -soa 
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APPENDIX ; 

COHTAINI)!*  AN  ABBTBACT  OF  UB.  GOULOMB^S  Z»BBIMBKTf« 

8S4v  Mb.  Coulomb  in  the  Mem*  A  rjcad.  it  Paris  far 
178^  lelates  sevaal  ej^riments  nuule  for  ascertabiog  the 
diquution  or  distribution  of  the  electric  fluid  in  an  over 
diBffged  body.    Thdr  general  results  were^ 

1.  Thatihe  fluid  is  distributed  among  bodies  aooor£ng 
to  their  figure^  without  any  elective  aflhii^  to  any  kind  of 
substance. 

For  when  a  ball,  or  body  of  conducting  matter,  and  of 
any  shapes  is  electrified  to  any  particular  degree,  as  indica- 
ted by  his  eieetromettf ,  if  it  be  touched  by  another  equal 
and  rimilar  body,  similariy  situated  in  reelect  of  the  touch- 
ing points,  the  electricity  is  always  reduced  to  ^. 

8.  In  an  overdiarged  conducting  body,  the  fluid  difiuses 
itself  entirdy  along  the  surface,  without  penetrating  into 
tiie  interior  parts. 

The  conducting  body  AB  (Plate  II.  fig.  IS.)  had  pits  a,  6, 
Ikc.  made  in  various  parts  of  its  surface.  Th^y  were  half  an 
inch  in  diameter,  and  some  of  them  /^th,  others  s^ths,  others 
^ths,  8cc  in  depth,  e  represents  the  edge  of  a  small  circle 
of  gilt  paper,  {ih  cf  an  inch  in  diameter,  £xed  perpendicu- 
lariiy  on  the  end  of  a  fine  thread  of  gum  lac.  The  body  was 
JeeUifled  and  toudied  with  this  liule  electrosoc^,  by  act- 
ting  it  flat  down  on  the. surface.  The  drcle  c  was  then  pre- 
heated to  an  electrometer  which  moved  00  degrees  by  aforce 
not  exeaeding  v^th  of  a  French  grain.  When  this  contaot 
was  made  with  the  even  surface  of  the  conductor,  it  was 
*  stfODgly  electrified,  and  particularly  when  it  touched  any 
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eminence,  or  tlic  ends  of  long  cylinders,  &c.  The  paper  being 
exceedingly  thin,  and  placed  in  full  contact,  it  may  be  sup- 
posed to  bring  off  with  it  the  quantity  of  fluid  corresponding 
to  that  part  of  the  surface,  or  rather  a  greater  quantity.  But 
"when  it  was  made  to  touch  the  bottom,  even  of  the  shallow- 
est  of  these  pits,  it  did  not  affect  the  electrometer  in  the 
least. 

He  demonstrates  the  following  elementary  theorem : 
The  attraction  or  repulsion  being  supposed  to  be  pco- 
portional  to  the  inverse  of  any  power  m  of  the  '^■•tfftff  ; 

that  is,  being  as  ZT^i  if  m  be  greater  than  3,  the  actioa  of 

all  the  masses  of  fluid  trhidi  are  at  a  finite  distnoe  is  no- 
thing in  comparison  with  the  action  in  contact ;  and  thete- 
ifi)re  the  fluid  must  be  uniformly  diffused,  in  the  same  way 
as  if  each  particle  acted  only  on  the  adjoining  portides. 

But  if  m  be  less  than  S,  for  example  if  «  be  2;  as  seems 
to  be  the  case  in  electricity,  tlie  action  of  all  the  masses  at  a 
finite  distance  is  not  infinitely  small  in  comparison  with  the 
action  in  contact,  and  the  redundant  fluid  must  go  toward 
the  surface,  and  no  redundant  fluid  will  be  ret^ned  in  the 
interior  parts.     The  demonstration  is  to  this  effect. 

Let  A  a  BF  (Plate  II.  fig.  14.)  be  a  perfectly  conducting 
body  of  any  shape,  and  let  d  a  che  sl  thin  slice  separated 
from  the  rest  by  the  plane  dei  let  dc  ehc  precisely  equal 
and  simiW  to  i/  a  f  ,  and  let  a  6  c  be  perpendicular  to  the 
separating  plane ;  then  the  aciiuu  uf  all  the  particles  in  the 
thin  slice  da  e  (when  estimated  in  the  direction  a  &)  on  the 
particle  A,  must  balance  the  action  of  all  the  rest  of  the  fliud 
in  the  body ;  for  6  is  supposed  to  be  at  rest.  NoWf  as  tbe 
law  of  continuity  will  be  obserred  in  any  dbtribution  of  tbe 
fluid,  thnvgh  the  whole  hodify  it  is  plain  that,  by  taking  a  b 
sufficiently  small,  the  difference  of  density  at  a  and  at  e  amy 
be  infinitely  small ;  therefore  the  action  of  the  fluid  indue 
will  be  infinitely  near  to  an  equilibruim  with  the  actioii  of 
de  is  and  the  action  of  the  fluid  in  the  rest  of  the  body  on 
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Aic  partjde  &  will  be  uifinitDly  small.  Tins  cannot  be,  when 
the  action  of  a  ma»  of  fluid  st  u  (iniCe  distance  is  not  ia- 
finitdy  small  tn  oomparisoo  with  thv  action  in  contact,  un- 
ices wc  suppose  that  the  qiiantit;  of  fluid  at  a  finite  disl&nce 
is  *lso  intinitely  smalt,  or  nothing ;  that  is,  unless  ihc  whole 
redundant  fluid  i^  constipated  on  the  surface,  and  the  inte- 
rior parts  are  merely  saturated. 

The  preceding  propositions  are  quite  analogouB  to  propo> 
sitioQs  in  Mr.  Cavendish's  dissertation  in  the  Fbilusophical 
Transactions  far  1771. 

236.  In  tlie  Memoirs  of  the  same  Academy  for  1767,  Mr. 
Coulomb  endeavours  to  ascertain  the  density  of  the  fluid 
ia  diderent  bodies  which  touch  each  other.  When  the  bo- 
dies do  not  differ  extremely  in  magnitude,  he  delemunes 
this  by  tile  immediate  application  of  tliem  to  the  electrome- 
ter ;  but  wlieti  one  i&  extremely  smalt  in  comparison  with 
the  other,  he  first  determines  the  force  of  the  large  body, 

i  then  touches  it  20  or  40  times  with  the  small  one,  till 
I  die  force  of  the  large  body  is  reduced  to  4)  4>  !>  ^<^  ^'^^ 
ryeneral  result  was,  that  when  tfie  surfaces  of  the  spheres  had 

e  proportion  expressed  in  the  first  column  of  the  following 
en  the  density  in  the  small  one  had  the  proportion 
1  by  the  numbers  of  the  second  column,  and  never 

ittned  the  magnitude  3. 


I 
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64  ....       1,65. 

InGnile  -  -  -  -  2. 
I  This  is  extremely  different  from  the  proportions  which 
ain  when  the  two  spheres  communicate  by  very  long  slen- 
der canals,  which  he  found  exactly  conformable  to  the  de- 
tertninations  of  the  theory :  but  in  Mr.  Coulomb's  experi. 
menta  tlic  ^eres  touched  each  other,  and  liad  no  other 
contmuiucaUon. 
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He  then  endeavours  to  ascertain  the  dcositj  of  the  AM 
in  the  different  parts  of  the  surfaoeof  these  (oucfaiiig  qphcKSy 
in  order  to  obtahi  some  experimental  knowladge  of  the  dis* 
tribution.  He  touched  them  (while  id  nnitual  OBntaet) 
with  the  little  paper  circle,  and  examined  its  dectricily  fay 
his  electrometer,  and  made  his  estimation,  oo  the  tupposi* 
tion  tliat  it  brought  off  one-half  of  the  elcctridtjr  of  the 
touched  part. 

286.  When  the  globes  were  equal,  he  found  thedensity  lo 
be  0  in  the  point  of  contact,  and  scarcely  senable  131  ke  took 
the  paper  SO  degrees  from  the  pmnt  of  contact  Fvontlus 
it  increased  rapidly  to  60o ;  slowly  from  AeBceto'SOo;  and 
fipom  thence  to  ISQo  it  was  almost  uniform.  ^£hit 
were  nearly 

•0        »        •        at         «        •        OR; 


0 
1 

4,78 
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He  also  found,  that  the  moce  the  globes  diffiefed  in  bulli 
the  more  is  the  density  changed  in  the  small  glob^  andit 
is  the  more  uniform  in  the  great  one,  inoreasiiy;  tepidly 
from  0,  at  the  point  of  contact,  to  about  7^,  and  faeyond  this 
being  sensibly  uniform*. 

II«nce  we  may  oondude,  that,  the  electricity  ia  diffused 
with  almost  prrfoct  uniformity  in  a  globe  oommunicatiBg 
with  another  at  a  great  distance  by  a  slender  canal  (as  Mr. 
Cavendish  has  demonstrated) ;  while,  from  the  reasoning 
employed  before,  it  b  probaUe  that  it  is  also  uniformly  £& 
fused  all  aloQg  the  canal ;  and  thereforei  thai  the  quantities 

*  A  very  full  acomint  of  Couloicb*!  txpcrioieiitt  oo  the  eleetricml  dcad^of 
two  slobti  in  eontmct ;  oo  the  distributioa  of  Bleotricity  eoimg  Nveisl  alMts 
placed  in  contact  in  m  itraigtitline  ;  on  the  diltribnIiottofBlieUkity  ofw  sett* 
ral  unequal  globef ,  and  ou  iti  dittribution  between  a  globcnad  ^yliadasiqf  4i^ 
ferent  lengths,>rill  be  foond.in  the  Edinbutgb  Kocyclppsdia,  Alt  ELScmazr^ 
vaU  viii*  pk  452,  457.    Ed, 
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ib  two  fudi  glofaes  are  Toy  nearly  as  the  diameters,  and  the 
denaties  inversely  as  the  diameters^  as  Mr.  Cavendish  de* 
nonstrated,  on  the  aupposition  that  the  fluid  in  the  canal 
is  inoompres^Ue. 

He  finind  diat  a  small  globes  plnoed  between  two  equally 
large  ones,  shewed  electridties  of  the  same  kind  with  that 
of  the  other  two,  when  the  radius  of  the  great  one  was  not 
more  than  five  times  that  of  the  middle  one,  but  shewed  no 
electricity  when  the  disproportion  was  greater. 

837.  When  thvee  equal  globes  were  in  contact,  thedennty 

of  fluid  in  the  middle  globe  was  j^  of  that  of  the  other  two. 

A  small  globe  being  removed  to  a  very  small  distance  from 
flB  overcharged  ffretit  one,  after  kaning  been  in  coiitacf ,  shew- 
ed i^ponte  «ko(ridty  in  the  fronting  point ;  when  a  Kttle 
:fiwtficr  off,  it  was  neutral ;  and  beyond  this,  it  was  over« 
chai^ged. 

The  diameten  4)eing  1 1  and  8,  the  fronting  point  of  the 
snail  one  was  negitftive  till  the  distance  was  1 ;  here  it  was 
iieatmly  and  wlien  k  was  removed  iivther,  it  was  positive. 
When  the  diameters  were  1 1  and  4^  the  smsU  glebe  was  ne- 
gative till  tiirir\list«Mfe  was  8,  where  it  was  neutral.  Wlien 
tke  diameters  were  II  and  2,  the  distance  which  rendered 
tile  small  globe  neutrsl  in  the  fronting  pmnt  was  2^. 

All  these  fiwts  are  perfectly  conformable  to  a  mathemati- 
cal daincticm,  <rom'  the  supposition  that  the  redundant  fliiid 
is  spread  over  the  surface,  and  that  the  interior  pcmits  are 
neutral.  If  any  sort  of  doubt  should  remain  in  the  minds 
of  those  who  are  not  conversant  in  such  discussions,  it  must 
be  greatly  removed  by  the  fact,  that  it  is  quite  indifferent 
whether  one  or  both  globes  be  solid,  or  be  an  extremely  thin 
ahelL 

When  an  electrified  body  is  touched  with  a  long  wire, 
and  by  another  of  equal  diameter  and  length,  coated  to  any 
thickness  with  lac  or  sealing  wax,  the  two  wires  take  ofi^  pre- 
cisely the  same  quantity  of-  electricity.    This  was  demon* 
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strated  by  touclung  a  globe  repeatedly  till  Ae  deetridty 
reduced  to  4« 

Hence  we  must  conclude,  that  the  electric  fluid  does  not 
form  active  atmospheres  around  bodies,  by  the  action  cf 
vhose  particles  in  contact  (mathematical  or  phyncal)  the 
phenomena  of  attraction  and  repulnon  are  produced^  but 
by  the  action  of  the  fluid  in  the  body,  agreeaUe  to  the  thecK 
ry  of  JBpinus. 

Such  are  the  observations  of  Mr.  Coulomb  They  aie 
extremely  valuable,  because  they  confirm  in  the  oompletest 
manner  the  le^timate  consequences  of  the  theoiy. 

We  think  that  the  materiality  of  that  whidi  is  teaxutemA 
£rom  place  to  place  in  the  exhibition  of  electric  phenomemiy 
is  greatly  confirmed  by  some  observations  of  Dr.  WilsanTs 
in  the  Pantheon.    When  a  spark  was  taken  from  the  whole 
of  the  long  wire  extended  in  that  vast  theatre^  the  sensatioit 
was  80  different  from  a  spark  which  conveyed  even  a  mudi 
greater  quantity  of  fluid  from  a  pretty  laige,  but  compact^ 
aurfaoe,  that  they  could  hardly  be  compared.     The  last  was 
like  the  abrupt  twitch  with  the  point  of  .41  hooked  piny  as  if 
pulling  off  a  point  of  the  skin ;    the  spark  from  the  kii^ 
wire  was  more  like  the  forcible  piercing  with  a  needk,  not 
very  sharp,  breaking  the  skin,  and  pushing  it  inward.    We. 
had  this  account  from  the  Doctor  in  conversation.    Bei» 
cribed  it,  with  seeming  justice,  to  the  momentum  aoqaired 
by  the  fluid  accelerated  along  that  great  extent  of  wiie. 
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838.  The  knowledge  which  tlie  antient  naturalists  possessed 
of  this  subject  was  extremely  imperfect,  and  affords  the  strong- 
est proof  of  their  ignorance  of  the  true  method  of  philoso- 
phising ;  for  there  can  hardly  be  named  any  object  of  phy- 
sical research  that  is  more  curious  in  itself,  or  more  likely 
to  engage  attention,  than  the  apparent  life  and  activity  of  a 
piece  of  rude  unorganised  matter.  This  had  attracted  no- 
tice in  very  early  times ;  for  Thales  attributed  the  charac- 
teristic phenomenon,  the  attraction  of  a  piece  of  iron,  to  the 
ageocj  of  a  mind  or  soul  residing  in  the  magnet  Philoso- 
phers seem  to  have  been  contented  with  this  lazy  notice  of 
a  slight  suggestion,  unbecoming  an  inquirer,  and  rather 
such  as  mi^t  be  expected  from  the  most  incurious  peasant. 
£ven  Aristotle  has  collected  no  information  that  is  of  any 
importance.  We  know  that  the  general  imperfection  of  an- 
cient physics  has  been  ascribed  to  the  little  importance  that 
was  attached  to  the  knowledge  of  tlie  material  world  by  tht 
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philosophers  of  Greece  and  Rome,  who  thought  haman  na* 
tixre,  the  active  pursuits  of  men,  and  the  acienoe  of  pahlic 
aflhirs,  the  only  objects  deserving  tbnr  attention.    Matt  of 
the  great  (Ailosophers  of  antiquity  were  alsogreat  aeton  co 
the  stage  of  human  life,  and  desjiised  aoquiaitiona  whididid 
not  tadd  to  accomplish  them  for  this  dignified  emplajmcnt: 
but  they  have  not  given  this  reason  themselvea,  though  none 
was  more  Ukely  to  be  uppermost  in  their  mind.     Socnta 
dissuades  from  the  study  of  material  nature,  not  because  it 
was  unworthy  of  the  attention  of  his  pupils^  but  because  it 
was  too  difficult,  and  that  certidnty  was  not  attainable  in  it 
Nothing  can  more  distinctly  prove  thdr  ignorance  of  what 
is  really  attainable  in  science,  namely,  the  knowledlge  of  the 
laws  of  nature f  and  tlieir  ignorance  of  the  only  method  of  ao» 
quiring  this  knowledge,  viz.  observation  and  operimenL 
They  had  entertained  the  hopes  of  discovering  die  cevset  of 
things,  and  had  formed  their  philosophical  langoage^  and 
ih&r  mode  of  research,  in  conformity  with  thia  hopdett 
project     Making  little  advances  in  the  disooveij  of  die 
causes  of  the  phenomena  of  material  nature^  they  deserted 
this  study  for  the  study  of  the  conduct  of  msB  ;  not  becanse 
the  discovery  of  causes  was  more  easy  and  fircqucut  here, 
but  because  the  study  itself  was  more  immediately  inteiesU 
ing,  and  because  any  thing  like  superior  knowledge  ie  it 
puts  the  possessor  in  the  desirable  situation  of  en  adviser,  a 
man  of  superior  wisdom ;  and  as  this  study  was  ebsdy  eofr 
nected  with  morals,  the  character  of  the  phikeopher  wufok 
ed  an  eminence  and  dignity  which  was  highly  §attenag^ 
human  vanity.     Their  procedure  in  the  moral  and  ialdieo- 
tual  sciences  is  strongly  marked  with  the  sayae  igMsaefls  of 
the  true  method  of  philosophising ;  for  we  saidy  find  then 
forming  general  propositions  on  copious  inductions  of  Acts 
in  the  conduct  of  men.     They  always  proceed  in  the  IJV' 
thetic  method,  as  if  they  were  fully  conversant  in  the  M 
principles  of  human  nature,  and  had  nothi^  to  do  bat  to 
make  the  application,  according  to  the  estabiisbcd  fixmsflf 
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While  wc  adiDtrp,  tlierefore,  the  sagacity,  tlte  pene- 
tration, the  candid  abwrvBtion,  aiid  the  tiapp;  illustration, 
to  be  found  in  the  works  of  the  ancient  nKir&liBt&  and  urit- 
en  on  jurisprudence  and  politics,  we  cannot  but  lament 
that  such  great  men,  frequently  engaged  in  public  affairs, 
and  therefore  having  the  finest  opportunities  far  deducing 
general  hiws,  have  done  so  littlo  in  this  way ;  and  that  their 
writings,  however  engaging  and  precious,  cannot  be  consi* 
dercd  as  any  thing  more  reiined  than  the  observations  of 
judicious  and  worthy  men,  witli  all  the  dilTusencss  and  repe- 
tition of  ordinary  conversation.  AJI  this  has  arisen  from 
the  want  of  a  just  notion  of  what  is  attainable  in  this  depart- 
ment of  sdence,  namely,  the  laws  of  intellectual  and  nioiol 
nature ;  and  of  the  only  posuble  method  of  attaining  this 
knowledge,  viz.  observation  and  experiment,  and  the  forma* 
tioo  of  general  laws  by  the  induction  of  particular  facts. 

239.  We  have  been  led  into  these  reflections  by  the  inaU 
tentionof  the  ancients  to  the  curious  phenomena  of  magnet- 
ism ;  which  must  have  occurred  in  considerable  and  enter- 
taining variety  to  any  person  who  had  taken  to  the  experi- 
mental  method.  And  we  have  hajcarded  these  free  remarks, 
expecting  tbe  acquiescence  of  our  readers,  because  the  su- 
perior knowledge  which  we,  in  thcso  later  days*  have  ac- 
quired of  tbe  niagnetical  phenomena,  were  the  first  fruits  rf 
the  true  method  of  philosophising.     This  was  pointed  out 
to  the  learned  world  in  1 590  by  our  celebrated  countryman 
ChaucellorBaconi  in  bis  twogrcat  works  the  ^ovim  Organ- 
BiB  SeKHtutrum,  and  De  Jrgumetilii  ScienlioTtan.  Dr.  Gilbett 
of  Colchester,  a  pliilosupher  of  eminence  in  many  reinjects, 
but  chieBy  because  he  had  tlie  same  just  \-iewB  of  philosophy 
intb  his  noble  countryman,  publislied  about  the  some  linle 
his  Pfoffioiegia  Nova,  seu  Trattatiu  dt  Magnete  ct  Carpor^ns 
mogtKttd».     In  the  introiluction,  he  recounts  all  the  know- 
ledge of  the  antients  on  the  subject,  and  their  uu pine  inat- 
tcntiw  to  what  was  so  entirely  in  th<nr  hands ;  and  the  itn- 
^PfMilHfi^  of  ever  adding  to  the  slock  nf  usi-ful  know] 
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SO  long  as  men  imaged  themaelvef  to  be  philoBopliMii^ 
vbile  they  were  only  repeating  a  few  cant  words,  nd  the 
unmeaning  phrases  of  the  Aristotelian  school.  It  is  cuxious 
to  remark  the  almost  perfect  sameness  of  Dr.  6ilbert*s  senti- 
ments and  language  with  those  of  Lord  Baooo.  They  both 
charge,  in  a  peremptory  manner,  all  those  who  pretend  to 
inform  others,  to  give  over  their  dialectic  labours,  whidiare 
nothing  but  ringing  changes  on  a  few  trite  truths,  and  many 
unfounded  conjectures,  and  immediately  to  betake  themselves 
to  experiment.  He  has  pursued  this  method  on  the  sulgect 
of  magnetism  with  wonderful  ardour,  and  with  equal  genius 
and  success;  for  Dr.  Gilbert  was  possessed  both  of  great  in- 
genuity, and  a  mind  fitted  for  general  views  of  thi^ga  The 
work  contains  a  prodigious  number  and  variety  of  observa- 
tions and  experiments,  collected  with  sagacity  from  the  ^rrit- 
ings  of  others,  and  instituted  by  himself  withconsiderableexp 
pence  and  labour.  It  would  indeed  be  a  miracle  if  all  Dr.  GiU 
bert  s  general  inferences  were  just,  or  all  bis  experiments  a^ 
curate.  It  was  untrodden  ground.  But,  on  the  wholes  this 
performance  contains  more  real  information  than  any  writing 
of  the  age  in  which  he  lived,  and  is  scarcely  exceeded  by 
any  that  has  appeared  since.  We  may  hold  it  with  jusdoe 
as  the  first  fruits  of  the  Baconian  or  experimental  phifo- 
sophy. 

This  work  of  Dr.  Gilbert's  relates  chiefly  to  the  loadstflOf 
and  what  we  call  magnets,  that  is,  pieces  of  steel  which  hsf 
acquired  properties  similar  to  those  of  the  loadstone.    B 
he  extends  the  term  magnetism,  and  the  epithet  magndk, 
all  bodies  which  are  affected  by  loadstones  and  magneto 
a  manner  similar  to  that  in  which  they  affect  each  od 
In  the  course  of  his  investigation,  indeed,  hefindstlistA 
bodies  are  only  such  as  contain  iron  in  some  state  or  otb 
and  in  proving  this  limitation,  he  mentions  a  great  nt 
of  phenomena  which  have  a  considerable  resemhbnf 
those  which  he  allows  to  be  magneUcal,  namely,  tboK  ^ 
be  called  €lectriad,  because  they  were  produced  in  the 
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Oty  that  amber  ts  made  to  attract  and  repel  tight  bodies, 
e  oiiurks  with  care  the  distinctions  between  these  and  the 
eristic  phenomena  of  magnets.     He  seems  to  have 
uirn,  that  all  bodies  may  be  rendered  electrical,  while  fer> 
nigincous  substances  alone  can  be  made  magnetical. 

S40.  It  is  not  saying  too  mudi  of  this  work  of  Dr.  Gilbert's 
to  affirm,  that  ii  contains  almost  every  tiling  that  we  know 
about  magnebsm.     His  unwearied  diligence  in  searching 
c\'ery  writing  on  the  subject,  and  in  getting  information  from 
oavigstors,  and  his  incessant  occupation  in  experiments,  have 
IcA  jery  few  facts  unknown  to  him.     We  meet  with  many 
things  to  the  writings  of  posterior  inquirers,  some  of  them 
of  high  reputation,  and  of  the  present  day,  which  are  pub- 
tubed  ood  received  as  notable  discoveries,  but  are  contained 
io  die  rich  collection  of  Dr.  Gilbert.      Dr.  Gilbert's  book, 
although  one  of  those  which  does  the  highest  honour  to  OUT 
countxy,  is  less  known  in  Britain  than  on  the  Continent.  In- 
_  deed  we  know  but  of  two  British  editions  of  it,  which  are 
!i  ia  Jjtiin ;  and  we  have  seen  five  editions  published  tn 
loysod  Holland  before  1629.     ^Ve  earnestly  recom- 
mit to  the  perusal  of  the  curious  reader.     He  will  find 
e  fiKts  in  it  than  in  the  two  large  folios  of  Scarella. 
kMI.  Id  mechanical  philosophy,  a  phenomenon  is  not  to  be 
d  as  explained,  unless  we  can  shew  that  it  is  the  cer< 
b  icault  of  the  laws  of  motion  applied  to  matter.    It  is  in 
■  ny  that  tlic  general  propositions  in  physical  astronomy. 
It  theory  of  macbines,  in  hydraulics,  &c.  are  demonstra- 
S  the  phenomena  called  magnetual  have  not  as  yet 
i  such  an  explanation.     We  do  not  see  their  immc- 
kcnse,  nor  can  we  say  with  confidence  that  they  are  the 
kuofany  particular  kind  of  matter,  acting  on  the  bodies 
knby  impulsion  or  pressure. 
.^'         '^ihalcan  be  done  here  is  to  class  the  phenomena  in  the 
^  idiiluict  manner,  according  to  their  generality.    In  this 

J^  Maia  ■  two-fold  advantage-  We  may  take  it  for  grant- 

■HV         i  the  most  general  phenomenon  is  the  nearest  allied  (o 
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the  general  cauk.  But,  laither,  we  obtAJn  by  Hm. 
a.  lni«  theory  of  all  ilie  subordinate  plienomcna.  Forajui 
theory  ia  only  the  puinltng  out  the  genenil  Twrt  of  wfaidi 
Uie  plienuineiinn  under  eonsideration  it  a  particular  imtMice. 
Beginning  therefore  willi  the  piiei>oineiion  whicb  oomprc- 
hends  all  the  parttcular  cases,  wc  explain  tlmse  cues  in 
shevring  in  tcluU  manner  they  are  induded  in  the  general 
phenotnenoD,  and  thus  we  shall  be  able  to  predict  what  will 
be  the  result  of  putting  the  body  uodcr  connderatioD  into 
any  particular  situation.  And  perhaps  we  may  find,  in 
them  all,  eoinci deuces  which  will  enable  us  to  shew  tb«t 
they  are  all  modilicaliuns  of  a  fact  still  more  general.  If 
we  gain  this  point,  we  shall  have  established  •  omiplcte 
theory  of  them,  having  discmered  lite  general  foot  in  which 
they  arc  all  comprehended.  Should  we  for  enr  renain 
ignoraat  of  the  cause  of  this  general  fad,  wv  have  uevm- 
theless  rendered  this  a  complete  branch  of  meiJuunad  tfaeaiy. 
Nay,  we  may  perhaps  discover  such  circuautanc**  «f  re- 
sentblauce  between  this  general  fact  and  otben,  with  wbaeh 
we  are  better  accquainted,  that  we  shall,  with  great  proba- 
bility at  least,  be  able  to  assign  the  cau»e  cf  the  gencttl 
fact  itself,  by  sheniog  the  law  of  which  it  is  a  particulariD- 
stance. 

We  shall  attempt  this  method  on  the  present  infiitffii 
84S.  The  leading  facts  in  magnetism  are  thetvofiiUot- 
ing; 

1.  If  any  oblong  piece  of  iron,  sud]  as  a  bar,  rod,  or  win, 
be  so  fitted,  that  it  can  assume  any  direction,  it  wiH  annp 
itself  in  a  certain  detenninale  direction  with  le^MCt  to  Ik 
axis  of  the  earth.  Thus,  if,  in  any  part  of  Britiun,  aaino  1 
01  steel  wire  be  thrust  through  a  fHece  of  oork,  as  M|a»- 
seated  in  Plate  III.  fig.  1.  so  as  that  the  wliole  may  aain 
level  in  water,  and  if  it  be  liud  in  the  water  nearly  Dorth- 
west  and  south-^ost,  it  will  slowly  change  its  position,  and 
finally  settle  in  a  direction,  naking  an  angle  of  about  8& 
d^re«B  with  the  meridian. 
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rim  experiment,  which  we  owe  to  Dr.  GUbeit  (see  B.  L 
11.),  is  delicate,  and  requires  altentioD  to  rosnycircuA- 
inccs.  The  force  with  which  the  iron  tends  toward  this 
final  position  is  estreinely  weak,  and  wiil  be  balanced  by 
wry  minute  and  otlierwise  insensible  redatancea ;  but  we 
have  nercr  found  it  fail  when  executed  as  here  directed. 
Aq  inm  wire  of  the  size  of  an  ordinary  quill,  and  about 
eight  or  ten  inches  long,  is  very  6t  for  the  purpose.  It 
should  be  thrust  through  the  cork  at  right  angles  lo  its 
axis;  and  so  adjusted,  by  repeated  trials,  as  to  swim  leTet 
or  paratlcl  to  the  horiKon.  The  experiment  niuet  also  be 
made  at  a  great  distance  from  all  iron ;  therHbre  in  a  bason 
of  some  other  metal  or  earthen  ware.  It  may  gometimes 
require  a  very  long  while  before  the  motion  begin  ;  and  if 
the  wire  has  been  placed  at  right  angles  to  the  (Urection 
which  we  have  mentioned  as  6nal,  it  will  never  change  its 
position ;  therefore  we  have  directed  it  to  be  Itud  in  a  di- 
^Bbetion  not  too  remote,  yet  very  sensibly  different  from  the 
^^■il  directioD. 

^y~But  this  is  not  the  true  posidon  affected  by  the  iron  rod. 

If  it  be  thrust  through  a  piece  of  wood  or  cork  perfectly 

spherical,  in  such  a  manner  that  it  passes  through  its  centre, 

^snd  if  the  centre  of  gravity  coincide  with  this  centre,  and 

^Hka  whole  be  of  such  weight  as  to  remain  in  any  part  of  the 

^^feter,  without  either  ascending  or  descending,  then  it  will 

^Hnally  settle  in  a  plane  inclined  to  tlie  meridian  alwut  iB", 

and  the  north  end  will  be  ileprcssed  about  73»  below  the 

faoriiEOD. 

All  this  is  equivalent  with  saying,  that  if  any  oblong 
piece  of  iron  or  steel  be  very  nicely  poised  on  its  centre  of 
gravity,  and  at  perfect  liberty  to  turn  round  that  centre  in 
«rcry  direction,  it  will  finally  taica  the  powtion  now  men- 
tiooed. 

We  have  farther  to  observe  with  regard  to  this  eXperi- 
cocot,  that  it  is  indifferent  which  end  of  the  rod  be  placed 
mward  the  north  in  the  begining  of  die  experiment.    That 
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end  will  finally  settle  toward  the  north ;  and  if  the  cxp^w 
ment  be  repeated  with  the  same  rod,  but  inth  the  other  end 
north,  it  fdll  finally  settle  in  this  new  attitude.  It  is,  how- 
ever,  not  always  that  we  find  pieces  of  iron  thus  perfiecdy 
indiffermt.  Very  frequently  one  end  afiects  the  northeriy 
poation,  and  wc  cannot  make  the  other  end  assume  its 
place :  the  causes  of  this  difference  will  be  ckariy  seen  bjr 
and  bye. 

243.  The  position  thus  affected  by  a  rod  of  iron  is  called 
by  Dr.  Gilbert  the  magnetical  position  or  DiSBcrioir. 
It  is  not  the  same,  nor  parallel,  in  all  parts  of  the  earth,  as 
will  be  more  particularly  noticed  afterwards: 

844.^ — 2.  Theother  leadingfact  isthis:  Whenapieoe  of 
iron,  ly'mg  in  the  magmdkal  position,  or  neatly  so^  and  at 
perfect  hberty  to  moTe  in  every  direction,  is  a|i|auadied  by 
another  oblong  piece  of  iron,  held  neariy  in  the  same  pon» 
^n,  it  is  attracted  by  it ;  that  is,  the  mawaiie  piece  of 
inm  will  gradually  approach  to  the  one  that  is  presented  to 
it,  and  will  at  last  come  into  contact  with  it,  and  may  dm 
be  slowly  drawn  along  by  it 

This  phenomenon,  although  not  so  delicate  as  the  fbnntf, 
is  still  very  nice,  because  the  attraction  is  so  weak  that  it  ii 
balanced  by  almost  insensdble  obstructiotts.  But  the  espoi- 
ment  will  scarcely  fail  if  conducted  as  follows :  Let  a  strong 
iron  wire  be  made  to  float  on  water  by  means  of  a  jueee  of 
ccHrk,  in  the  manner  already  described,  having  one  end  udf' 
der  water.     See  Pkte  III.  fig.  1.  B. 

When  it  is  nearly  in  the  magnetical  positicm,  bring  thf 
end  of  a  pretty  big  iron  rod,  such  as  the  pcunt  of  a  neir 
poker,  within  a  quarter  of  an  inch  of  its  southern  end  (hoilt 
ing  the  poker  in  a  position  not  very  different  from  the  mag^ 
netical  position),  and  hold  it  there  for  some  timet  not  eiact- 
ly  southward  from  it,  but  a  little  to  one  ade.  The  floating 
iron  will  be  observed  to  turn  towards  it  with  an  accelerated 
motion  ;  will  touch  it,  and  may  then  be  drawn  by  it  through 
the  water  in  any  direction.     >Ve  shall  have  the  same  result 
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hy  ■^vosching  the  corthern  exlremiCy  of  the  floating  irou 
witii  the  upper  end  of  the  poker. 

The  »iTnc  pheaomcna  may  be  observed  by  suspending 
ilio  first  piece  of  iron  by  its  middle  by  a  long  and  slender 
hair  or  tliread.  The  suspension  must  be  long,  otlierwisc 
Ihe  stiffness  of  the  hair  or  tliread  may  be  sufficient  for  ba- 
lancing ihc  very  aniali  force  with  which  the'^pictes  of  iron 
tend  toward  each  other.  The  phenomenon  may  also  be  ob- 
served in  a  piece  of  iron  wluch  turns  i'reely  on  a  tine  point, 
like  the  tieedle  of  ibe  BiariiieT's  compass, 

In  tJiis)  as  in  tlie  former  experiment,  llie  ends  of  the 
pieces  of  iron  are  observed,  in  general,  to  be  indifferent; 
that  is,  eiUicr  pnd  of  the  one  will  attract  cillicr  end  of  the 
other.  It  often  happens,  however,  that  the  ends  are  not 
ihus  indifierent,  and  tbat  the  end  of  the  moveable  piece  of 
iron,  instead  of  approaching  the  other,  will  be  observed  to 
recede  (roto  it,  and  appear  to  avoid  it.  Vfe  diall  soon  learu 
the  cause  of  this  difference  in  the  states  of  iron. 

243.  It  is  scarcely  necessary  to  remark,  that  we  must  infer 
i'rum  these  experiments,  that  the  action  is  mutual  between 
e  two  pieces  of  iron.  Kitlier  of  them  may  be  the  moveiu 
I  piece  which  approaclics  the  other,  manifesting  the  at- 
ICtion  of  that  other.  This  reciprocity  of  action  will  be 
lindantly  verified  and  explained  in  its  proper  place. 
L246.  These  two  facts  were  long  thouglit  to  be  peculiar  to 
loues  and  artificial  magnets,  that  is,  pieces  of  iron  which 
lave  Acquired  this  property  by  certain  treatment  with  load- 
m;  but  they  were  discovered  by  Or.  Gilbert  to  be  in- 
!nt  in  all  iron  in  its  metallic  state ;  and  were  tliought  by 
1  to  be  necessary  consequences  of  a  general  prindple  in 
p  constitution  of  this  globe.  These  phenomena  are  in- 
i  much  more  conspicuous  in  loadstones  and  magnets ; 
sod  it  is  tlicrefore  with  such  that  experiments  are  best  made 
for  learning  tlieir  various  modifications. 
,,  347.  But  there  is  another  circumstance,  besides  the  degree 
T'  vindty,  in  which  the  magnetism  of  coraioon  iron  ami 
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Steel  remarkably  diiFers  from  that  of  a  loadstone  or 
When  a  loadstone  or  magnet  is  so  supported  as  to  be  at  li- 
berty to  take  any  position,  it  arranges  itself  in  ihe  magnetK 
cal  direction,  and  oik  dettrmined  end  of  it  Eetlles  in  the  norllw 
ern  t]uarter;  and  if  it  be  placed  so  that  the  other  end  is  ia 
that  situation,  it  does  not  remain  there,  but  gradually  tufw 
round,  and,  after  a  few  oscillatioos,  the  lame  end  ultimately 
settles  in  the  north.  This  is  distinctly  Been  in  the  needle 
of  the  mariner's  compass,  which  is  juit  a  Email  magnet  pr^ 
{mred  in  the  same  way  with  all  other  raagneta.  The  sev^ 
ral  ends  of  loadstones  or  magnets  are  thus  permanently  the 
north  or  the  south  ends ;  whereas  we  sud  that  either  end 
of  a  piece  of  oomin(»i  iron  being  (umed  to  the  BOtiiem 
quarter,  it  finally  settles  there. 

It  is  this  circumstance  which  has  rendered  ■Mgnftiiim  so 
predous  a  discorerv  to  mankind,  by  fumiabng  ns  with  llw 
compass,  an  instrument  by  which  ws  leam  the  difcnnl 
quarters  of  the  borison,  and  which  thus  teUs  the  directin 
of  a  ship's  course  through  the  pathless  ocean ;  and  also  ahevs 
us  the  directions  of  the  veins  and  workings  in  the  dtepot 
■uaea.  ll  was  aatunU  ibeTefore  lo  call  tboaetbanoftb  aid 
aauth  ewfa  of  the  mariner's  nefdle,  or  of  aloaAanoe  or  Mig- 
oM.  Dr.  Gilbert  called  them  tbe  poles  of  the  loadstoBeer 
oagotL  He  had  found  ii  cooveniem  Ibr  Ute  ptopoaed  tnoi 
of  fail  cxperimeRls  to  Form  his  loadstones  into  apb^Ks,  wU^ 
fat  caUad  TraiKi  i  a,  froin  iK^  reseaabbmc  lo  this  globe; 
■  whkkcaae  iheiunh  aad  south  cods  <d  ha  JoaAamm 
wen  the  polea  of  die  umihe.  He  theidbiw  gave  the  ■«■ 
jnli  to  that  part  of  any  kadsuae  or  B^oet  which  thai  tam- 
ed to  ihsBorth  or  aouth.  The  daioMinalkw  wa  t^apttt  Ij 
«ll  wfaaeqiHat  wiitcn,  and  now  makes  a  Into  at  d»fai^ 
«M«tafMKDetiHL 

•H"    ftlin.  irt -lanMiiBihiilh liifB|iiiii  lft~ 

A  to  aitber  end  of  ooihs  B.  th^aHk  avOMlly  aOiad; 
w  if  ekfatf  chI  of  a  B^Mt  A  he  bniB^  Mv  cilbef  tod 
rf«yto«eBfco— wQiteo.  they  II  nil— HytoteKtcto*  otto. 
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But  if  «e  bring  that  end  of  a  R»goct  A  which  turns  to  the 
north  near  (o  tlie  similar  end  of  another  magnet  B,  th«M 
emd*  will  not  attract  each  otlter,  but,  on  ihe  contrary,  will 
Tvpel.  If  the  two  tnagnels  are  made  to  float  on  pieces  of 
wood,  and  have  tlieir  north  poles  tVontiog  each  other,  the 
magsets  will  retire  from  each  oth» ;  and  in  doiug  go,  tbey 
generally  turn  round  tlK'ir  axo«,  till  the  north  pule  of  one 
front  the  ^uth  pole  of  the  other,  and  then  they  run  to*' 
gether.  This  is  a  very  notable  diatiuctian  between  tlie  nia^ 
setisii]  of  magnets  and  that  of  common  iron  ;  and  whenever 
we  see  a  piece  of  iron  shew  ilm  permanent  diitioction  oftta 
ends,  we  must  cuntider  it  as  o  magnet,  and  conclude  that  it 
has  met  with  oome  peculiar  treatment. 

It  is  not,  however,  strictly  true,  that  the  poles  of  Icnd- 
sUxae«  or  magnets  are  so  fixed  in  particular  porta  of  their 
■ubstance,  nor  that  the  poles  of  the  same  rtame  no  oonitani- 
ly  repel  each  other;  for  if  a  small  or  weak  magnet  A  hav« 
irs  pole  brought  near  the  similar  polo  of  a  Urge  or  strong 
Biagnel  B,  they  are  ot^en  found  to  attract  when  almost 
touching,  although  at  more  considerable  distances  they  ro> 
pel  each  other.  But  this  is  not  an  exception  to  the  generdl 
preposition ;  for  when  the  north  pole  of  A  is  tlius  attracted 
J  the  north  pole  of  B,  it  will  be  found,  by  other  trials,  to 
Ive  all  the  qualities  of  a  south  pole,  while  thus  in  the 
Mighbourhood  of  the  north  pole  of  B. 
L44B.  The  ma^etie  properties  and  phenomena  are  conve- 
Miy  distinguished  into  those  of  fobck  and  of  POLABITT. 
i  of  the  first  class  only  were  known  to  the  sncienta, 
i  even  of  them  their  knowleilge  was  extremely  scanty  and 
iniperfecL  They  may  all  be  claised  under  the  following 
g;enend  propositions. 

S£Oi— I.  The  sioiilar  poles  oftwo  magnets  lepel  each  other 
with  a  force  decreasing  as  the  distances  increase. 

2-  The  dissimilar  poles  of  two  magnets  attract  each  other 
rea<^)ng  as  the  distances  Increase. 


I 
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3.  Klagncfs  amnge  diemselves  in  t  eertui  dctenuiBtt 
pontioa  with  rasped  to  taxh  other. 

231.  The  fim  object  of  Rscaich  ill  oar  fadicr  cxanuiift- 
tion  of  thew  properties  is  the  rebtioo  wUdi  is  oliaei^ed  to 
obtain  between  the  distances  of  the  acdng  poles  anddiar 
fbice  of  action.  Thb  has  aooonfingly  oocopied  nmdi  at- 
tention of  the  philosophers,  and  munberiese  cxpenmoits 
hare  been  made  in  order  to  ascertain  the  law  of  varistioOv 
both  of  the  attraction  and  the  repulsion.  It  is  obvioo^ 
from  the  nature  of  the  diing,  that  the  determination  is  very 
diffinilt,  and  the  invcstigatian  veiy  complieBted.  We  can 
only  observe  the  sanultaneoas  motion  of  the  whole  nn^gnet; 
yet  we  know  that  there  are  fiiur  separate  notions  co-existing 
and  contributing  in  different  directions,  and  with  different 
finroes,  to  the  sensible  effect  The  fofce  wUdi  we  measare^ 
inany  way  whaterer,  is  compounded  of  fonr  iMff snt  forcei^ 
idach  we  cannot  separate  and  measure  spart;  far  the  north 
pole  of  A  repels  the  north  pole  of  B,  and  attncU  ito  south 
pole,  while  the  south  pole  of  A  exerts  the  oppoate  fistoesoa 
the  same  poles  of  B.  The  attraction  which  we  observeii 
the  excess  of  two  unequal  attractions  above  two  unequal  re- 
pulsions. The  same  might  be  said  of  an  observed  rqndp 
sion.  Nay,  the  matter  is  incomparably  more  compBcated 
than  this;  because,  for  any  thing  (hat  we  know,  every  ps^ 
tide  of  A  acts  on  every  particle  of  B,  and  is  acted  on  by  it ; 
and  the  intensity  of  those  actions  may  be  different  at  the 
same  distances,  and  is  certainlv  different  when  the  di^tanniis 
are  so.  Thus  there  is  a  combination  of  an  unknown  nUBi- 
ber  of  actions,  each  of  which  is  unknown  individually,  both 
in  direction  and  intensity.  The  precise  determination  if 
therefore,  in  all  probability,  impossible.  By  precise  deCo^ 
mination,  we  mean  the  law  of  mutual  action  between  two 
magnetic  particles,  or  that  precise  function  of  the  distsoee 
which  defines  the  intensity  of  the  fcHce ;  so  that  measurinig 
the  distance  of  the  acting  particles  on  the  axis  of  a  eurvf^ 


Otc  ordinates  or  the  cur%-e  may  have  the  proportions  of  di* 
Attractions  and  repulsions. 

It  is  Rlmoit  iwcillcss  to  attempt  any  deduction  of  the  bw 
of  variation  from  tiic  numerous  cncperimcnls  which  have  been 
published  by  difti^rent  philosophers.  An  ample  collMdon 
of  them  may  be  seen  in  Scarclla's  treatise.  Mr.  Muscben- 
broek  has  made  m  prodigious  number :  but  all  arc  so  oixv 
Bialous,  and  exhibit  such  different  laws  of  diminution  by  an 
increase  of  distance,  that  we  may  be  certain  that  the  cxpcii- 
mcnts  have  been  injudicious.  Attettlion  has  not  been  paid 
to  the  proper  objects.  Magnets  of  most  improper  ^uqwa 
bave  been  employed,  and  of  most  diffuse  polarity.  No  no. 
Uce  lias  been  taken  of  a  circumstance  which,  one  ehould 
ihink,  ought  to  bave  occupied  the  chief  attention  ;  namely, 
the  joint  acuon  of  four  poles,  of  which  the  experiment  ot- 
hibits  only  the  complex  result.  A  very  slight  reflcctioo 
might  have  made  the  inquirer  perceive,  that  the  attractions 
or  repuluons  are  not  the  most  proper  phenomena  for  d^i 
daring  (be  precise  law  of  variation ;  because  what  we  ob> 
i.er^-e  is  only  the  excess  of  a  small  difference  of  attractiDits 
and  repulsions  above  another  small  difference.Mr.  Hawks* 
bee  and  Dr.  Brook  Taylor  employed  a  much  better  me- 
Jiod,  by  observing  the  deviations  from  the  meridian  whidi 
[net  occasioned  in  a  compass  needle  at  different  dislan- 
This  is  occn^oned  by  the  difference  of  the  two  sums 
J  forces ;  and  this  difference  may  be  made  a 
idred  times  greater  than  the  other.  But  thf'y  employed 
[nets  of  most  improper  shapes  •. 

B  The  true  U«  o(  Magnetic  ■ction  «. 
I*  ItiO,  br  Ml.  Ukbell,  id  hit 

*•  There Ii«»e been,  "he obj«rTet,"  tome  whohirc imsgineif  ih»t  tne c!ecre«e 
•flbe  mystic  altnctian and  repulsion  b  inTcriel;  uthccubtiof  tbeditUa- 
oM|  olhcn  a*  llMiquiirea,  uduUienUiat  i[  bllmt  no  certain  ralio  alalliboL 
«^at  It  i«  moi-b  quicker  at  ^tat  dUtucei  Iban  al  amall  onet.  and  thai  il  if 
diOtNat  n  ddfulenl  ataaai;  ■laoag  Iheie  lut.  it  Dr.  fitnjk  Taylor  and 
Moachnbroek,  who  ttrm  to  ii**i  bean  pretty  ncurat«  m  tbeir  tiperimenu, 
tSceflW^  Tmni,  No.  SfiS  and  390.)  Tb«coacluiii»sofUieieG«iitl«nen*cra 
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853-  Wc  muKt  except  from  tbis  < 
oFMr.  Lambert,  recorded  in  the  Memoinof  < 
of  Berlin  fiir  1756,  published  in  1758.  Thk  n 
philoaopher  (Tor  he  liighly  neriis  that  nanw)  placed  a  nu. 
rhier'*  needle  at  varioua  di&tances  from  «  magnet,  in  tfae  di- 
rection of  its  axis,  and  observed  die  declination  fmn  the 
magnetic  mertdiui  produced  bjr  the  magnet,  and  the  ofati. 
quity  o£  the  magnet  to  the  axis  of  the  needle.  Thus,  ma 
the  actitm  of  the  magnet  set  in  opposkloa  and  equilibtiam 
with  the  natural  polarity  of  tbe  needle.  But  ibe  difficultj 
waa  to  diacorer  in  what  proportion  each  of  those  forcei  waa 
dianged  by  their  obliquity  of  action  on  tbis  little  levn-.  No 
taan  excelled  Mr.  Lambert  in  address  in  devising  aoethods  of 
matheniatiud  investigation.  He  observed,  that  when  the 
obbquiiy  of  the  magnet  to  tlie  axis  of  tbe  needle  was  30*, 
it  caused  it  to  decline  1 5°.  When  the  obliquity  was  7S*, 
the  distance  being  the  same,  it  declined  90".  Call  the  A- 
liquity  a,  and  the  declination  d,  and  let^  be  that  function  of 
the  angle  which  ia  proportiooablc  to  the  aclioa.  Also  lety 
be  the  natural  polarity  of  the  needle,  aad  m  tbe  force  ofdw 
magnet.     It  is  evident  tliat 

f  x/.  li  =  "«  x/,» 
And  p:  «  = /;  SO :/,  15 :  Ik tfaaMMCfaaam 
p:«=/,  75:/.30 
Tbenfere /,  15  :/»  =/,  so  -./,  75"- 
But  it  b  well  known  thai 

Sine  16 :  Sine  SO  =  S^u  SO :  Sioe  IS. 
HcoceMr.  Lambert  waa  led  to  conjecture,  that  the  saem 
that  fuactioa  of  the  angle  which  was  proportional  to  the  id- 
tiott  of  iMgnetism  oo  a  lever.  But  ooe  experiment  was  'a* 
suAaam  (or  datunmiiig  tbia  poinL  He  made  a  taaibt 
mofuoioaoi  aercntl  other  obliquities  and  dedinatioiullitfi 


I 


HAeNSTISK. 


319 


Um  same  diBtances  o£  (he  magnet,  and  also  tritli  other  dis> 
tauces ;  and  he  put  it  past  all  dispute,  thai  his  conjecture 
waaju&L 

Had  Mr-  Lambi^rt's  experiments  terminated  here,  it  must 
be  granted  that  hehasmodc  a  notable  discovery  in  thetbeo- 
f^rofthe  intimate  nature  c^  magnetism.  It  com  pi  elejjr  re- 
futes all  the  theories  which  piettind  to  expltun  the  action  of 
a  magnet  by  the  impulsion  of  a  tttream  of  fluid,  or  by  prea> 
sure  arising  from  the  motion  of  suuh  a  stream ;  for  in  this 
case  the  pressure  on  the  needle  oiust  have  diminished  in  the 
duplicate  ratio  of  the  sine.  The  directive  power  with  the 
angle  90  must  be  4  times  greaWr  tlien  will)  the  angle  30°  ; 
whereas  it  was  observed  to  be  only  twice  as  great.  Magnet- 
ism does  not  act  therefore  by  the  impulsion  or  pressure  of 
a  stream  of  fluid,  but  in  the  manner  of  a  siinplt]  incitement, 
as  we  conceive  attraction  or  repulsion  to  act. 

Having  ascertabed  the  efiect  of  <^liquity,  Air.  Lambert 
proceeded  to  examine  the  effect  of  distance  i  and,  by  a  most 
ingenious  analysis  of  his  observations,  he  discovered,  tliat  it 
we  represent  the  force  of  the  magnet  bv/,  and  the  distance 
of  the  nearest  pole  of  the  magnet  from  the  centre  of  the 
needle  by  i,  and  if  a  be  a  constant  quantity,  nearly  equal  to 
two-thirds  of  the  length  of  the  needle,  we  bave^  pruportion- 

ai  to  rrr^. 

Mr.  Lambert  found  this  hold  with  very  groat  exactnca^ 
with  magnets  ten  times  larger,  and  needles  twice  ag  vbort. 
But  he  acknowledges,  tliat  it  gives  a  very  angular  result, 
la  if  the  action  of  a  magnet  H-ere  exerted  from  a  centre  be* 
Tood  ttacif  He  attributes  this  to  its  true  cause,  the  still 
pvat  complication  of  the  result,  ansing  from  tlie  action  ot* 
ibe  RiDOte  pole  of  tlie  magnet.  He  therefore  takes  another 
method  of  examination,  which  we  sliall  understand  hy  and 
by,  when  we  consider  the  direcliue  power  of  a  magnet.  We 
have  mentioned  this  imperfect  attempt  chiefly  on  acooitnt  of 
the  unt^uestionablc  manner  in  which  he  has  ascertained  th« 
effect  of  obliquity,  and  the  importance  of  this  determina- 
tion. 
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We  have  attempted  this  mvestigatum  in  a  very  nmple 
manner.     We  got  some  magnets  made,  oonsiating  of  two 
balls  connected  by  a  slender  rod.    By  a  very  particular 
mode  of  impregnation,  we  gave  them  a  pretty  good  magnet- 
ism ;  and  the  force  of  each  pole  seemed  to  teude  almost  in 
the  centre  of  the  ball.     This  was  our  oliject  in  giving  them 
this  shape.  It  reduced  the  examination  both  of  the  attnct> 
ive  and  of  the  directive  power  to  a  very  easy  computHioD. 
The  result  was,  that  the  force  of  each  pole  varied  in  the  in* 
verse  duplicate  ratio  of  the  distance.    The  error  of  this  hy- 
potheus  in  no  case  amounted  to  TVth  of  the*  whole  In  com- 
puting for  the  phenomena  of  the  directive  power,  the  irregu- 
larities and  deviations  from  this  ratio  were  mudi  smaller. 

The  previous  knowledge  of  this  function  would  greatly 
eacpedite  and  facilitate  our  farther  investigation :  but  we 
must  content  ourselves  with  a  very  imperfect  approximationi 
and  with  arriving  at  the  desired  determination  by  dqprees, 
and  by  a  very  circuitous  route. 
253.  It  is  a  matter  of  experience,  that  when  two  magnets  are 
taken,  each  of  whith  is  as  nearly  equal  as  possible  in  the 
strength  of  both  poles,  then,  if  they  are  placed  with  their 
axes  in  one  straight  line,  and  the  north  poleof  <aDe  fronting 
the  south  pole  of  the  other,  they  attract  eadi  odber  with  a 
force  which  diminishes  as  the  distance  increaxs  ;   and  t|u8 
variation  of  force  is  regular,  that  is,  without  any  sudden 
changes  of  intensity,  till  it  becomes  insensible.   No  instance 
has  occurred  of  its  breaking  suddenly  off  when  of  any  sen- 
sible force,  but  it  appears  to  diminish  continually  like  gravi- 
ty.    No  instance  occurs  in  which  attraction  b  changed  into 
repulsion. 

But  it  is,  moreover,  to  be  particularly  remarked,  thil^ 
having  made  this  observation  with  the  north  pole  of  A  fint- 
ing  the  south  pole  of  B,  if  the  experiment  be  repeated  vith 
the  south  pole  of  A  fronting  the  north  pole  of  B,  the  results 
will  be  precisely  the  same.  And,  lastly,  it  is  a  matter  of  m* 
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^'feEccpted  cspericDce,  that  the  sen^ble  action  of  A  on  B, 
measured  by  the  force  which  is  necessary  for  preventing  the 
fanlicr  approach  of  B,  is  precisely  equal  to  the  action  of  B 
on  A.  This  is  the  case,  however  unequal  the  force  of  ths 
two  magnets  may  be ;  that  is,  altliough  A  may  support  ten 
pounds  of  iron,  and  B  only  ten  ounces. 

Now,  the  simplest  ^^ew  we  can  take  of  this  experiment  is, 
by  supposing  the  whole  action  of  one  end  or  pole  of  a  mag- 
net lo  be  exerted  at  one  point  of  it.  This  will  give  us  four 
Actions  of  A  on  B,  accompanied  by  as  many  equal  and  o^ 
posite  actions  of  B  on  A.  It  is  plain  that  we  may  content 
ourselves  witli  the  investigation  of  one  only  of  tiiese  sets  of 
actions. 

What  w^  observe  is  the  excess  of  the  attractions  of  the 
poles  of  A  for  the  dissimilar  poles  of  B  above  the  repulsions 
of  the  same  poles  of  A  for  the  similar  poles  of  B.  At  all 
distances  there  is  such  an  excess.  The  sum  of  the  attrac* 
tions  exceeds  tlie  sum  of  the  repulsions  competent  to  every 
distance. 

Nov  tliis  will  really  happen,  if  we  suppose  that  the  poles 
of  a  magnet  are  of  equal  strength,  and  that,  however  theSe 
different  magnets  differ  in  strength,  they  have  the  same  law 
of  diminution  by  an  increase  of  distance.  The  first  circum- 
atattoe  is  a  very  possible  thing,  and  the  last  is  demonstrated 
by  the  observed  equality  of  action  and  reaction.  £very 
thing  will  now  appear  very  plain,  by  representing  (Plate 
HI.)  the  intensities  of  attraction  and  repulsion  by  the  or- 
ilinatesof  acurve,  of  which  the  abscissa;  represent  the  dis- 
tanoes  of  the  acting  poles. 

Therefore  let  A  and  B  (Plate  III.  fig.  2.)  represent  the 
two  magnets,  placed  with  their  four  poles  S,  N,  s,  it,  in  a 
lUaight  line.  In  the  straight  line  O  </  take  O  m,Op,0  n, 
0  q,  respectively  equal  to  N  n,  N  n.  S  i,  S  n ;  and  let  MPNQ 
lie  a  cun'e  line,  having  0  q  for  its  axis  and  assympiote ;  and 

klu  the  curve,  in  every  part,  be  convex  towards  its  axia. 
Then  draw  the  ordinates  m  M,  p  P,  n  N,  f  Q,  to  the  c 
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These  ordinates  vill  represent  llic  mtoukieji  of  dw  AwM 
exprted  between  the  poles  of  the  nugnets,  in  sudi  a  munier 
as  to  fiillil  all  the  conditions  that  are  really  observed  :  Per 
m  M  represents  the  attraction  of  the  north  pole  N  <rf*  the 
magnet,  A  for  the  south  pole  s  of  the  majErnet  B  ;  p  P  re- 
presents the  repulsion  of  N  for  « ;  n  N  i-epresenta  ihe  ro- 
pulnon  of  S  forjr;  and  q  Q  r^resents  the  attraction  of  S  for 
jt.  The  distance  between  m  and  n,  or  between  p  and  ^ ,  tc 
equal  to  the  len;;^  of  the  mti^net  A,  and  m  p,  or  n  y,  ic 
equal  to  that  of  B.  M  tn,  P  p,  and  N  n,  Q  f ,  are  pair*  of 
equidistant  ordinates.  It  surely  requires  only  the  ioifwo- 
bonof  the  figure  to  see  that,  in  whatever  situation  iJoog  the 
axis  we  place  those  pairs  of  equidistant  ordinates,  the  nUB 
of  M  m  and  Qf  will  always  exceed  thesumofPjStBdNR; 
that  is,  the  sum  of  the  attractions  will  always  exceed  thai  of 
the  repulsions.  This  will  not  be  the  case  if  the  curve,  whoer 
ordinates  are  proportional  to  the  forces,  have  a  point  Z  of 
contrary  fiexure,  as  is  represented  by  the  dotted  curve  P'ZQ'. 
For  this  curve,  having  0  ^  for  its  assymptote  (in  order  to 
correspond  with  forces  whicli  diminish  continually  by  an  in- 
crease of  distance,  but  do  not  abruptly  cease)  must  have  iti 
convexity  turned  toward  this  Bssymptote  in  the  remote  parts- 
But  there  will  be  an  arch  MPZ  betweeoZ  and  O,  which  i> 
concave  toward  the  assymptote.  In  which  case,  it  is  pos- 
sible that  M  m  -f  Q  9  shall  he  less  than  P  p  +'S  n;  and 
then  the  repulsions  will  exceed  the  attractions ;  which  is  con- 
trary  to  the  whole  train  of  observation. 

It  may  be  thought,  that  if  the  repulsion  exorted  betweM 
two  particles  be  always  Ices  than  the  attraction  at  the  same 
distance,  the  phenomena  will  be  accounted  for,  altbough 
the  law  of  action  be  not  represented  by  such  a  curve  as 
has  been  assumed.  Undoubtedly  they  will,  while  the 
dissimilar  poles  front  each  other:  But  the  results  of  such  a 
supposition  will  not  agree  with  the  phenomena  while  the  si- 
milar poles  front  each  other.  For  it  is 
fiLct,  that  when  two  fine  hard  raagnetB,  whose  poivs  a 
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rMBUlly  of  equal  vigour,  bm-n  UiciruonUr  poles  finmt' 
KMch  other,  the  repulsions  fall  very  liiUe  fthart  of  the  atmb 
IB  St  the  araie  distances  when  tlwir  poabon  is  changed  : 
When  the  dittancn  are  coDsidenUv,  scarcely  any  diSerowe 
can  be  ubaervrd  in  ifae  begianiRgortfae  experiment  The 
diSiH-efioeB,  also,  which  are  obaenred  at  amaller  diataDce*, 
are  obaerTcd  to  augment  by  conbDuing  the  magnets  in  tfatir 
plaoH  without  dianging  ibar  diitaoces ;  and  therefore  sceta 
to  ariee  from  same  chooge  produced  by  each  on  the  magoet- 
iaai  of  the  other.  And,  accordingly,  if  we  iDvot  oae  of 
the  magnets,  we  dull  find  that  the  attraaima  have  beeodi* 
minisbed  as  much  as  the  repulsions.  Now,  the  oooaequen* 
ces  of  mi^inetic  repulsion,  being  always  weaker  tluD  au 
traction,  would  be  the  reverse  of  this.  The  dilliereaeea  wduU 
s^ear  most  remai^aUe  in  the  gtvater  distances,  and  laa^ 
nets  might  be  found  which  repel  at  small  distaacea,  and  at- 
tract at  greater  distances ;  which  is  contrary  to  all  observe 
tion. 

From  all  this  it  follows,  with  suffident  evidencs  for  eur 
present  purpose,  that  (he  function  of  the  distance  which  ex- 
presses the  law  of  magnetic  action  must  be  represented  by 
the  ordinales  of  a  curve  of  the  hyperbolic  !und,  referred  to 
its  assymptote  as  an  axis ;  and  therefore  always  convex  to- 
ward this  axis.  We  think  it  also  gufiiciently  dear,  that  the 
consequences  which  we  have  deduced  from  the  simple  sup- 
pontion  of  four  acting  points,  instead  of  the  combined  ac- 
tion of  every  particle,  may  be  adopted  with  safety.  For 
ibey  would  be  just,  if  tliere  were  only  those  four  particles ; 
ihey  would  be  just  wilh  respect  to  another  four  particles— 
therefore  they  would  be  just  when  these  are  joined  ;  and  so 
on  of  any  number.  Therefore  the  curve,  whose  ordinales 
express  the  mean  action  of  each  po4e,  as  if  exerted  by  its 
centre  of  effort,  will  have  the  same  general  form:  It  will  be 
convex  toward  its  assymptotic  axis. 

It  will  greatly  aid  our  conceptions  of  the  combined  ac- 
ticaaof  tiie  four  magnetic  poles,  if  we  notice  some  of  tha 
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primaiy  properties  of  a  cunre  of  this  Idndy  limited  bj  ntf 
other  condition* 

2M.  Draw  the  chords  MQ,  PN,  MP,  NQ.  Biaeettliciii 
in  B,  D,  E,  F,  and  join  EF.  Drawthe  ordinates  E  e  Vfi 
and  BD  b  (cutting  EF  in  C).  Draw  P  u  paralld  to  the 
axis,  cutting  E  e  in  i .  Draw  also  Q  t  parallel  to  the  8xi% 
cutting  F/in  #.  Also  draw  FHL  poralld  to  the  ani,  and 
Pol  parallel  to  QN ;  and  draw  P  L  ^  and  P  e  «,  cutting 
M  m  in  2  and  x. 

Let  each  ordinate  be  represented  by  the  letter  at  its  in* 
tersectien  with  the  axis.  Thus,  the  ordinates  M  m  and  Q  q 
may  be  represented  by  m  and  9,  &c 

Because  MP  is  bisected  in  E,  M  I  is  double  of  Ei ;  Ml 
is  double  of  EL ;  M«  is  double  of  Ee.  Also,  bectuse  P  t 
is  parallel  to  QN,  and  P  a  to  Q  £»  we  have  lassN  1.  Fron 
these  premises,  it  is  easy  to  percdve,  that, 

1.  Bbzz^+q 


2 

9. 

D&  = 

:P+» 

BD  = 

8 

3. 

w  +  J  — 

p+n 

9 

4. 

M«  = 

:«— p. 

6. 

:m— p  — 

6. 

«  — J. 

7. 

Ee  = 

2      '• 

8. 

Mlzz 

n  +  q 

2 

9. 

m+P— 

n  +  j. 

10. 

EL  = 

2 

»  +  ? 

11. 

CD  = 
CH  = 

m  +  q  — 

p+n 

4 

18. 

w+j)— 

n+q 

4 
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These  oombulations  will  suggest  to  the  attentive  reader 
the  explanation  of  many  modifications  of  the  combined  ac- 
tion of  the  four  poles  of  two  magnets.  They  are  all  com- 
prehended in  one  proposition,  which  it  will  be  oonvenient  to 
render  fiuniliar  to  the  thought ;  namely,  if  two  pairs  of  equi- 
distant ordinates  be  taken,  the  sum  of  the  two  extremes  ex- 
ceeds that  of  the  intermediate  ones,  m  4-  9  is  greater  than 
p  +  n.  Also,  the  difference  between  the  pair  nearest  to  O 
exceeds  the  difference  between  the  remote  pair. 

Now,  conceiving  these  ordinates  to  represent  the  mutual 
actions  of  the  magnetic  poles,  we  see  that  their  tendency  to 
or  from  edch  other,  or  their  sensible  attractions  or  repulsions, 

are  expressed  by  m  +  f-^n  +p ;  that  is,  by  tlic  excess  of 
the  sum  of  the  actions  of  the  nearest  and  Indst  remote  poles 
above  thd  sum  of  the  actions  of  the  intermediately  distant 
poles.  It  will  also  befrequently  convenient  to  consider  this  ten- 
dency as  represented  by  m  -— p  —  n  —  9 ;  that  is,  by  the 
Excess  of  the  difference  of  the  actions  of  the  nearest  pote  of 
A  on  the  two  poles  of  B,  above  the  difference  of  the  actions 
alF  its  reitiote  ix>le  on  tlie  same  poles  of  B. 

Let  us  now  connder  soine  of  the  chief  modifications  of 
these  actions. 

255. — 1.  Let  the  dissimilar  poles  front  each  other.  It  is 
plain  ihstm  +  q  represent  attractions,  and  that p  +  nre» 
present  repulsions.  Also  m  -f-  9  is  greater  thanp  +  n.  There- 
fore the  magnets  will  attract  each  other.     This  attraction  is 

also  represented  by  m  — p  —  n  —  9. 

Now  m  +  q  — p  -f  n  is  evidently  equal  to  M  t,  or  to  twice 
E  O9  or  to  twice  BD,  or  to  four  times  CD. 

This  action  will  be  increased, 

1 .  By  increasing  the  strength  of  either  Of  the  magnets^ 
The  action  of  the  magnets  is  the  combined  action  of  each 
acting  particle  of  the  one  on  each  acting  particle  of  the  other ; 
and  it  is  mutual.    Therefore  all  the  oidinates  will  increase 

▼01   IV.  > 
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in  the  ratio  of  the  strength  of  each  msgnct,  and  ibetr  sunu 
and  differences  will  increase  !□  the  same  ratio. 

2.  By  diminishing  the  dialance  between  the  magnets.  For 
this  brings  all  the  ordinate^  nearer  to  O,  while  their  distan- 
ces mpt  pn,  n  q,  remain  as  before.  In  this  case  it  ia  pl^n, 
that  M  u,  the  difference  of  M  m  and  P  p,  will  increase  fitter 
than  ( K  or  N  i,  the  difference  between  N  n  and  Q  q.  There- 
fore M  t  will  increase ;  that  is,  the  attraction  will  increaie. 

3.  By  increftsing  the  length  of  A,  while  the  distance  be- 
tween them  remains  the  same.  For  O  m  remaining  tbeEUK^ 
as  also  m  p  and  n  q,  while  h  7  is  only  removed  farther  &n 
nip,  it  is  plain  M  u  remains  the  same,  and  that  N  land  (■ 
are  diminished ;  tlierefuru  M  I  must  increase,  or  tlie  attiSD- 
lion  must  increase. 

4.  By  increasing  the  length  of  B,  the  distaooe  between 
them  remaining  the  same.  Fur  this  increases  stf)  and  a  {(i 
and  consequently  increases  M  u  and  (  u.  But  M  u  increis- 
cs  more  than  t  u ;  and  therefore  M  (  is  increased,  and  Uu  II- 
traction  or  tendency  is  increased. 

All  these  consequences  of  our  ori^nal  supposition,  thll 
the  magnetic  action  may  be  represented  by  tlie  ordinate  of 
a  curve  every  where  convex  to  an  assymptotic  axis,  are  strict- 
ly  conformable  to  obiiervation, 

250.  If  weplace  the  magnets  with  their  similar  pole*  fiool- 
Dg  each  other,  it  is  evident  that  the  ordinales  wliidi  et 
H^sed  attractions  in  tlic  former  case,  will  now  express  it- 
\  pulsions ;  and  that  the  forces  with  which  the  magnets  DOi 
I  lepel  each  other,  are  equal  to  those  with  which  they  it. 
tcteil  when  at  the  same  diitances.  When  the  cxperitneilj 
r  are  made  with  goc^  loadstones,  or  very  fine  magnets,  tan- 
r  pered  extremely  hard,  and  having  the  energy  of  tbdr  pais 
I  Sensibly  residing  in  a  small  space  very  near  the  extn 
Inlhe  results  arc  also  very  nearly  conformable  to  this 
T  baticnl  theory  ;  but  there  is  generally  a  weaker  aoiai.  t^it^ 
^nagncis  seldom  repel  as  strongly  as  they  attract  at  tfarsK^i^ 
;  at  least  when  these  distances  are  ss 
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or  both  of  the  msgncts  is  soft,  or  if  one  of  them  be  miicli 
more  vigorous  than  tlie  other,  there  ore  observed  much  great- 
rr  deri&tionB  Troin  this  theory.  The  repulsiionR  arc  cotuider- 
My  weaker  tboo  the  attractions  at  the  same  distance,  and 
the  law  of  variation  becomes  extremely  difTereiit.  When 
placed  at  very  considerable  distances,  they  rtpel.  As  tJie 
magnet  B  is  brotighi  nearer  to  A,  the  repulsion  increases, 
agreeably  to  the  tlkeory,  but  not  so  fast.  Bringing  tliein 
still  Dearer,  the  repulsion  ceases  to  increase,  tlien  gradually 
diminishes,  and  frequently  vanishes  oltcgetlier,  betbrg  the 
magneta  are  in  contact ;  and  when  brought  still  nearer,  it 
is  changed  into  attraction. 

257.  But  more  careful  obserratioa  shews,  tliat  this  ano- 
maly  docs  not  invalidate  the  theory.  It  is  found  that  the 
vigour  of  the  magnets  is  permanently  changed  by  tliis  pro- 
cess. The  magnets  act  on  each  other  in  such  a  way  as  to 
weaken  each  other's  magneUEm.  Nay,  it  frequently  ha[^>cns, 
that  the  weaker  or  the  softer  of  the  two  has  had  its  magnet- 
ism changed,  and  that  the  pole  nearest  to  the  other  has 
changed  its  nature.  While  they  are  lying  in  contact,  or 
at  such  a  dietance  that  they  attract,  although  their  similar 
poles  front  each  other,  it  is  found  tliat  the  pole  of  one  of 
tfuan  is  really  changed ;  although  it  may  sometimes  re- 
^Bpttr  its  former  species  again,  but  never  so  vigorously  as 
^Hpen  the  other  magnet  is  removed.  In  short,  it  is  observ- 
Hwt  that  the  magnetism  is  diminished  iu  all  expm-imtmts 
in  whkJi  the  magnets  repel  each  other,  and  that  it  is  im- 
proved in  all  experiments  in  whid)  they  attract. 

We  have  hitherto  supposed  the  magnetii  placed  with  tlieir 
axes  in  dim  straight  line.  If  ihey  are  ditferently  placed, 
we  cannot  ascertain  by  this  single  circumstance  of  the  law 
of  HHgnetic  action,  whether  they  will  attract  or  repel— <we 
mutt  know  somewhat  more  of  the  variation  of  force  b^  a 
change  of  distance. 

SM.  If  the  magnet  B  be  not  at  liberty  to  Approach  low&rd 
A)  or  recede  from  it,  but  be  so  supported  at  its  centre  R 
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tliat  it  c&»  turn  pound  it,  it  is  very  plain  thai  it  tfiil  letiin  the 
position  in  which  it  is  drawn  in  the  fignre.  Far  its  foutb 
pole  s  being  more  attracted  by  N  than  it  is  repelled  by  S»  is 
on  the  whde,  attracted  by  the  magnet  A ;  and,  by  this  aU 
traction,  it  would  vibrate  like  a  pendulum  that  b  supported 
at  the  centre  B.  In  like  manner,  its  north  pole  m  is  more 
rq)elled  by  N  than  it  is  attracted  by  S,  and  is,  on  the  whole, 
r^)eUed.  The  part  B  n  would  therefore  also  vibeate  likea 
pendulum  round.  B.  Thus  each  half  of  it  b  UTged.into  the 
very  posiUon  which  it  now  has ;  and  if  this  position  be  de- 
ranged a  little,  the  attraction  of  s  B  toward  A,  and  there* 
pulsion  of  a  B  from  it,  would  impel  it  toward  the  position  t 
Ba. 

This  will  be  very  evident,  if  we  put  the  magnet  B  into 
the  position  »'Bii',  at  right  angles  to  the  line  AB.  The  pole 
y  and  the  pole  a'  are  uiged  in  opposite,  and  therefiire  con- 
spiring, directions,  with  equal  forces,  very  nearly  at  right 
an^es  to  a'  j',  if  the  mi^net  B  be  smalL  In  any  obUqiie 
portion,  the  forces  will  be  somewhat  unequal,  and  account 
must  be  had  of  the  obliquity  of  the  actions,  in  order  to  know 
the  precise  rotative  momentum  of  each. 

Dr.  Gilbert  has  given  to  this  modification  of  the  action  of 
A  on  B,  the  name  of  vis  dispones^  ;  whidi  we  may  tms- 
late  by  nntECTn-E  rowEi  or  force.  Also,  that  modifies- 
tion  of  the  tendency  of  B  to  or  from  A  is  called  by  him  the 
vERTiciTAS  of  B.  We  might  call  it  the  vketicitt  of  B; 
but  we  think  that  the  name  folaeitt  is  sufficiently  ezprei- 
sive  of  the  phenomenon ;  and  as  it  has  oome  into  genenl 
uw,  wo  sliall  abide  by  it. 

:2o9.  It  is  not  so  easy  to  give  a  general,  and  at  the  aoBe 
time  precise*  measure  oc  the  directive  power  (tf  Aand  pob- 
rity  of  B.  The  magnet  B  must  be  considered  as  a  lever; 
and  tlKHi  the  force  tending  to  bring  it  into  its  ultimate  posi- 
lion  .•; .« liopenJs  both  on  the  distance  of  its  poles  fiomN 
aiul  S«  and  also  on  the  ai^ctc  which  the  axis  of  B  make! 
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with  the  line  AB.  When  the  axis  of  B  colncldt^  with  AB. 
the  force  acting  on  its  jvilcs,  (entlinjrto  keep  thtm  in  tliHt 
situation,  is  evidently  m  +  /»  —  »+1,  antl  therefore  mav 
l»c  represented  by  M  l(m  Platclll.fig.  S.),  orby  twiceEL, 
or  by  four  times  CH.  If  B  1i;ls  the  pMition  n'  B  s',  perpen- 
dicular to  AB,  let  the  ordinates  E  e  nnd  F/c»t  the  ciin-e  in  I 
and  K:  and  draw  KL  parallel  to  the  axis  (our  figure  causes 
this  line  almost  to  coincide  with  FI.,  and  in  all  ini]K>rtant 
cases  it  will  he  nearly  the  same).  In  this  case  II,  will  cx- 
f  >rcss  one  half  of  this  force.  Either  of  these  eatimntions  of 
this  modification  of  the  mutual  action  of  tlie  magnets,  will 
BufRcicnl  for  the  objects  we  have  in  view. 

•.  The  direclive  power  of  A,  and  the  polarity  of  D,  are 


KBjr  increasing  the  strength  of  one  or  both  of  themag- 
This  is  evident, 
L  By  diminishing  the  distance  of  the  magnets.  For  this, 
sing  the  sum  of  M  m  and  1*  p  more  than  the  sum 
I  it  and  Q  7,  must  increase  EL  or  M  f. 
.  By  increasing  the  length  of  A-  For  this,  by  removing 
ind  f  farther  from  m  and  p,  must  depress  the  points  1. 
and  I,  and  increase  EL,  or  IL,  or  M  /. 

4.  By  diminishing  the  length  of  B,  while  the  distance  Ns 
between  the  magnets  remains  the  same.  For  ibis,  by  bring- 
ing p  and  '/  nearer  to  m  and  n,  mu*t  increase  M  m  +  P  j* 
man  tlian  N  ti  +  Q  5.  Or,  by  bringing  E  e  and  F/near- 
9  M  nt  and  N  a,  it  must  increase  EL  and  M  /. 
r  the  distance  N  n,  between  the  pole  of  A  and  the  rc- 
b  pole  of  B  remain  the  same,  the  directive  force  of  A, 
clarity  of  B,  are  diminished  by  diminishing  the  length 
rasily  seen  from  what  has  been  just  now  said.  It 
o diminished,  but  in  a  very  small  degree,  by  diminish- 
e  length  of  B,  when  ihe  distance  between  the  centres 
i  B  remain  the  same.  For,  in  this  case,  the  ordi- 
leand  Kj'retain  their  places;  hut  the  points  w  nnd 
li  to  f ;  and  lliis  brings  the  intersection  E  of  the 


230  UACMETUM. 

ordinate  and  chord  nearer  to  I,  and  dmnnuliea  EL,  became 
the  point  L  is  not  so  much  depressed  bj  the  apfODach  cf  F 
to  K  as  £  is  depressed. 

861.  But  in  all  cases,  the  ratio  of  the  directive  power  of 
A  to  its  attractive  force,  or  of  the  polarit j  of  B  to  its  ten- 
dency to  A,  IS  increased  by  diminishing  the  length  of  B. 
For  it  is  plain,  that  by  diminishing  m  p  and  s  9,  wUie  I  c 
and  K/keep  their  places^  the  ^pcint  0  is  raised,  and  the 
point  L  is  depressed;  and  therefore  the  ratio  of  EL  to  £  o^ 
or  of  M  /,  to  M  t,  is  increased.  We  even  see  that,  by  dimi- 
nishing the  length  of  B  continually  and  without  end,  the 
ratio  of  M  /  to  M  t  may  be  made  to  exceed  any  ratio  thst 
can  be  assigned. 

262.  Now,  since  diminishing  the  length  of  B  increases  the 
ratio  of  the  directive  power  of  A  to  its  attnctive  power, 
while  increasing  the  length  of  A  increases  both,  and  also  in- 
creases tlie  ratio  of  EL  to  £  0  (as  is  very  eaaly  seen),  and 
since  this  increase  may  be  as  great  as  we  please,  it  necessan* 
ly  follows,  that  if  the  same  very  small  magnet  B  be  plaesd 
at  sucli  distances  from  a  large  and  strong  magnet  A,  and 
from  a  smaller  and  less  vigorous  one  C,  as  to  have  equsl 
polarities  to  both,  its  tendency  to  A  will  be  less  than  its 
tendency  to  C  It  may  even  be  less  in  any  ratio  we  plesse, 
by  suflicicntly  diminishing  the  length  of  B. 

Dr.  Gilbert  observed  this ;  and  he  expresses  his  observa* 
tion  by  saying,  that  tlic  directive  power  extends  to  greiter 
distances  than  the  attracting  power.     We  must  just  coo- 
clude,  tiiat  the  last  becomes  insensible  at  smaller  distanoa 
than  the  first.     This  will  be  found  a  very  important  obter- 
vation.     It  may  be  of  use  to  keep  in  mind,  that  the  direc- 
tive  power  of  a  magnet  A  on  another  magnet  B,  is  the  dif* 
ference  of  tho  sums  of  the  actions  of  each  pole  of  A  on  bolb 
polc«  of  B  ;  and  the  attractive  power  of  A  for  another  Vig* 
xwl  B,  is  tho  ilifloronce  of  the  differences  of  these  oetioin. 

It  may  hv  alsi>  romarkcd  just  now,  that  the  directive  fcne 
of  A  al\va\s  txceriU  it^  .ittraotive  force  by  the  quantity 
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2  (p^^q).  For  their  difference  may  be  expressed  by  (/, 
which  is  equal  to  twice  o  L.  Now  •  e  is  iequal  to  P  p,  or  to 
p;  andiLisequal  toPp— F/,  ortoPp  — Qy  — F  ^,  or 
toPp  —  Q9 — Of.  ThereforeoL  =  Pp  — Q9,andt/  =  2 

By  inspecting  this  figure  with  attention,  we  obudn  indi- 
cations of  many  interesting  particulars.  If  the  lengths  of 
the  magnets  A  and  B  are  the  same,  the  point  n  in  the  axis 
of  the  curve  will  coincide  with  p.  As  the  length  of  A  in- 
creases, the  part  119  is  removed  farther  from  the  part  mp. 
The  line  P  t  becomes  less  inclined  to  the  axis,  and  is  ulti- 
mately parallel  to  it,  when  n  is  infinitely  remote.  At  this 
time  L  falls  on  e ;  so  tliat  the  ultimate  ratio  of  the  attrac- 
tion to  the  polarity  is  that  of  £  1  to  £  e,  when  the  magnet 
A  is  infimfeeiy  long.  It  is  then  the  ratio  of  the  diffierence 
of  the  Mtions  of  the  nearest  pole  of  A  on  the  two  poles  of  B 
to  the  sum  of  these  actions.  Hence  it  follows,  that  when  A 
is  very  great  and  B  very  small,  the  polarity  of  B  is  vastly 
greater  than  its  tendency  to  A.  It  may  have  a  great  pola- 
rity when  its  tendency  is  insensible. 

The  rado  of  the  polarity  to  the  attraction  also  increases 
by  increaang  the  distance  of  the  magnets  while  their  dimen- 
uons  continue  the  same.  This  will  appear,  by  remarking 
that  the  chords  MP  and  NQ  must  intersect  in  some  point 
w ;  and  that  when  the  four  points  m,  p,  n,  and  9,  move  off 
from  O9  keeping  the  same  distances  from  each  other,  £  o 
will  diminish  faster  than  EL,  and  the  ratio  of  £L  to  £  0 
will  oontinually  increase. 

Therefiore  when  a  small  magnet  B  is  placed  at  sudi  a  dif9- 
tanoe  from  a  great  magnet  A,  and  from  a  smaller  one  C,  as 
to  have  equal  polarity  to  both,  its  tendency  to  C  will  exceed 
its  tendency  to  A.  For  the  polarities  being  equal,  it  must 
be  fivther  firom  the  great  magnet ;  in  which  case  the  ratio 
of  its  polarity  to  its  attraction  is  increased. 

And  this  will  also  obtain  if  the  magnets  differ  also  in 
strength.  For,  to  have  equal  polarities,  B  must  l)e  still  far- 
ther from  the  great  and  powerful  magnet. 
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For  all  these  Feasons,  a  large  and  powerful  magnet  nay 
esert  a  strong  directive  power,  while  its  attractive  power  is 
iosenahle. 

863.  We  hare  hitherto  supposed  the  magnet  B  to  be  pliu 
ced  in  the  directicm  of  the  aids  of  A,  and  only  at  liberty  to 
tumround  its  centre  B.  But  let  its  centre  be  placed  on  the 
centre  of  A,  as  in  Plate  III.  fig.  3.  it  must  evidently  take  a 
position  which  may  be  called  sub-contrary  to  that  of  A,  the 
north  pole  of  B  turning  toward  the  south  pole  of  A,  and  its 
south  pcde  turning  toward  the  north  pc^of  A. 

The  same  thing  must  happen  when  the  centre  of  Bis 
placed  in  B,  any  where  in  the  line  A£  perpendicular  toNS. 
S  attracts  n  with  4  force  n  6,  while  N  repels  n  with  a  force 
ac,  somewhat  smaller  than  a  b.  These  two  cpmpose  the 
force  a  dL  In  like  manner,  the  two  forces  #e  and  s^  exerts 
ed  by  N  and  S  on  tlie  pole  t,  compose  the  fine  «  g»  Now 
if  the  axis  of  the  magnet  B  be  parallel  to  NS,  but  the  pola 
in  a  contrary  position,  and  if  each  magnet  be  equally  vigo- 
rous in  both  poles,  the  magnet  B  will  retain  thb  position; 
because  the  forces  n  I  and  ji  t  are  equal,  as  also  the  fixtes 
nc  and  sf.  These  must  compose  two  farces  ad  andf^f, 
which  are  equal,  and  equally  inclined  to  a  j  ;  and  they  will 
therefore  be  in  equilibrio  on  this  lever. 

Let  us  now  place  the  centre  of  the  small  magnet  in  C, 
neither  in  the  axis  of  tlie  other,  nor  in  the  perpendicubr 
A£.     Let  its  north  pole  n  point  toward  the  centre  of  A 
It  cannot  remain  in  this  position  ;  for  N  repels  n  with  afoRS 
n  c,  while  S  attracts  it  with  a  force  a  b  (smaller  than  ae,  be- 
cause  the  distance  is  greater).     These  two  compose  a  fixce 
a  d  considerablv  difierent  from  the  direction  C  a  of  its  nil 
In  like  manner,  the  south  pole  j  of  the  small  magnet  is  aCU 
ed  00  by  two  forc^   >  t  and  ifj  exerted  by  the  twopoks 
of  A.  which  compose  a  force  j  q  nearly  equal  and  panlUto 
n  d,  but  ID  a  nt:ariy  opposite  direction.    It  is  plain  that  these 
forces  must  turn  tiie  small  magnet  round  its  centre  C,  and 
that  i;  cannji  rtst  but  in  a  position  nearly  parallel  to  a  d  or 
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If  g.  Its  post ti ton  is  better  represented  by  Plate  III.  fig.  4. 
with  its  south  pole  liimed  towartl  the  north  pole  of  the 
,atfaer  magnet,  and  ite  north  pole  in  the  op}X)site  direction. 

I  (What  the  precise  position  will  he,  depends  on  that  funi;- 
b  of  the  disUnce  which  is  always  proportional  to  the  in- 
isity  of  the  action ;  on  the  force  of  each  of  the  poles  of 
,  and  on  the  length  of  the  magnet  B.     Nay,  even  when 
•  know  this  function,  the  problem  is  stitl  very  intricate. 
S6+.  There  are  roetliods  by  which  we  may  approximate  to 
die  function  witli  success.     If  tlie  magnet  B  be  indefinitely 
small,  so  that  we  may  consider  the  actions  on  its  two  poles 
1  equaJ,  die  investigation  is  greatly  simplified.     For,  in 
»  case,  each  pole  of  the  small  magnet  B  (flatc  Til,  fig. 
imay  be  conceived  as  coinciding  with  its  centit?.     Then, 
iwing  NB,  SB,  and  taking  B  b  toward  N,  to  represent 
fcforce  with  which  N  attracts  the  south  pole  of  B,  and 
5  B  c,  in  SB  produced,  to  represent  the  fijrcc  with 
I  8  repels  the  same  pole,  the  conipound  force  acting 
iftbis  pole  is  B  d,  tlie  diagonal  of  a  parallelogram  B  A  J  r. 
ilike  manner,  we  must  take  B  f,  in  N  b  produced,  and 
i  to  B  6)  to  represent  the  repulsion  of  N  for  the  north 
leof  B,  and  13  y'ccjual  to  B  c,  to  represent  the  attraction 
1  tor  this  pole.     The  compound  force  will  be  B  ^,  etjunl 
S  opposite  to  B  d.     It  follows  evidently  from  this  invesii- 
,  tliat  the  small  magnet  will  not  rest  in  any  position 
t  dg.     In  this  supposition,  therefore,  of  extreme  minute- 
s  of  the  magnet  B,  one  of  the  parallelograms  is  sufficient, 
e  may  farther  remark,  that  we  have  this  approximatitm 
■ire  against  any  error  arising  from  the  supposition  that 
I  the  action  of  each  pole  of  B  is  exerted  by  one  point.    Al- 
suppose  it  diffused  over  a  con^derabfe  portioti 
e  magnet,  still  the  extreme  minutenefis  of  the  whole 
■  the  aclioii,  even  on  its  extreme  points,  very  nearly 

Hence  may  be  derived  a  construction  for  ascertain- 
tli8  position  of  tlie  needle,  when  the  function  m  of  tl* 
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distance  b  gtvoi,  or  for  diaooveringthisfuQctionbjolMerTa- 
ticm  of  the  poolkxi  of  the  needle. 

Let  NS  (Plate  III.  fig.  5.  n^  2.)  meet  the  direetiaii  of  tbe 
needle  in  K.  MakeBG  =  BN,  aiid  dnwNF,  GE,8Hp 
perpendicular  to  BK.  Itisevidentthat  Bfr  iitoBccrA^ 
as  the  sine  of  the  angle  HBS  to  the  sne  of  KBN.  Them- 
tout,  because  BG  and  BN  are  equal,  wm  have  Bi :  Bcz 
G£ :  NF. 

Therefore  GE  :  NF  =  BS>«      :  BN« 
But  SH:GE=rBS        :  BN 

Tberefeie  SH  :  NF  =  BS»+»  :  BN«*» 
And  SK  :  NK  =  BS^^  :  BSm^i 

If  magnetic  action  be  inTersely  as  the  diiifsnrrj  «e  hiia 
SK :  NK  =  BS* :  B>P,  and  B  is  in  the  uicMmfaence  of  a 
circle  which  passes  through  S  and  N,  andhasBKftratni. 
gent,  as  is  phin  by  elementary  geometry.     Iftheacdonhs 
inversely  as  the  square  of  the  di^annr,  wehaveSK:NI= 
BS' :  BN',  and  B  is  in  thedrcumferenee  of  a  curve  of  aon 
difficult  investigation.     But,  as  in  the  circle,  the  sum  rftk 
angles  BSN  and  BNS  is  a  constant  angle ;  ao^  in  this  conc^ 
the  sum  of  the  cosines  of  those  angles  is  a  constant  ^pnfr 
tity.    This  suggests  a  very  simple  oonstnictioo  of  the  cum. 
Let  it  pass  through  the  point  T  of  the  line  AT,  drawafraB 
the  centre  of  the  magnet,  perpendicular  to  its  axi&    D^ 
>cribe  the  semicircle  SPQN,  cutting  ST  and  NT  in  P  siri    \ 
Q.     Then,  in  order  to  find  the  point  where  any  Kne  SB    \ 
cuts  the  curve,  let  it  cut  the  semicircle  in  p,  and  apply  tin    j 
the  line  N  f  1=  SP  +  NQ  —  Sp,  and  |Mroduce  it  till  itmeil    | 
the  line  SB  in  B,  which  is  a  point  in  the  curve ;  ftr  k 
is  evident  that  S  p  and  N  9  are  the  coanes  of  BSN  ui 
BNS.     We  bc^  to  give,  by  the  help  of  a  learned  finadl» 
the  complete  construction  of  curves  for  evenr  value  of  a^is 
an  Appendix  to  this  article.  It  wiil  farm  a  new  and  cinmi 
class,  arranged  by  the  fr.nctioss  of  the  angles  at  N  and  S. 
But,  in  the  mein  time,  ve  have  determined  the  poatkm 
«f  an  indc£niuly  small  needle,  in  respect  of  a  magnet  of 
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which  we  may  ocmoeive  the  polar  activity  concentrated  in 

two  points;  and  we  may,  on  the  other  hand,  make  use  of 

the  observed  positions  of  such  a  needle  and  magnet  for  ciUs- 

SE       SB«;^ 
covering  the  value  of  m.    For,  sbce  ^^  ='lJftw|i>  '^  ^^ 

,  .     ,  Log.  SK :  NK       ,      ^^      . 

plain  that  m=  tqg  sB  '"NB ""        Thus,  m  an  observu- 

tioQ  wUch  the  writer  of  this  article  made  on  a  very  small 
needk,  and  a  magnet  having  globular  poles,  and  Si  inches 
between  their  oentres,  he  found  SB=: 8,  NB  =  6^,  SK  = 
1 1,49,  and  NK  =  3,37.  This  gives  m  =  8,08,  which  dif- 
fen  very  little  from  2.  Finding  it  so  very  near  the  in- 
verse duplicate  ratio  of  the  distance,  a  circle  VUZ  was  dc 
scribed,  the  citrcumference  of  which  is  the  locus  of  SB :  BN 
:=  8  :  6,333.  When  the  centre  of  the  needle  was  placed 
any  where  in  the  circumference  of  tliis  circle,  it  scarcely  de- 
▼iated  from  the  point  K,  except  when  so  far  removed  from 
the  magnet  that  its  natural  polarity  prevailed  over  the  di- 
rective power  of  the  magnet,  or  so  near  its  middle  that  the 
action  of  tlie  cylindrical  part  became  very  sensible. 

It  is  plain  that  the  length  of  tlie  needle  must  occasion 
some  deviation  from  the  magnetic  direction,  by  destroying 
the  perfect  equality  of  action  on  its  two  poles.  He  there- 
fore employed  three  needles  of  4,  |,  and  i  of  an  inch  in 
length ;  and  by  noticing  the  differences  of  direction,  he  in- 
ferred what  would  be  the  direction,  if  the  forces  on  each 
pole  were  precisely  equal.  He  had  the  pleasure  of  seeing 
that  the  deviation  from  the  inverse  duplicate  ratio  of  the  dis- 
tances was  scarcely  perceptible. 

Mr.  Lambert's  experiments  on  the  directive  power  of  the 
magnet,  narrated  in  his  second  dissertation  in  the  S2d  vo- 
lume  of  the  Memoirs  of  the  Academy  of  Berlin,  arc  the 
most  valuable  of  all  that  are  on  record ;  and  the  ingenious 
address  with  which  they  are  conducted,  and  the  inferences 
are  drawn,  would  have  done  credit  to  Newton  himself.  We 
earnestly  recommend  the  careful  perusal  of  that  Essay,  as 
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the  most  mstnicdTe  of  any  that  we  hare  rod.     The  writer 
of  thbfouxKl  himself  obliged  to  repeat  all  hbfenner  expeivi 
ments,  menUooed  above,  in  Mr.  Lamfaert^mamar,  and  widi 
bis  precaution  of  keeping  the  needle  in  iti  natural  poution;  a 
drcumstanoe  to  whidibehad  not  suflSdently  attended  befine. 
The  new  results  were  still  more  confonnaUe  to  his  oonjco* 
ture  as  to  the  law  of  variation.  Mr.  Lambert  doses  his  dis> 
sertation  with  an  hypothesis,  '*  that  the  fix^oe  of  each  trms* 
verse  element  of  a  magnet  is  as  its  distance  from  the  oentrei 
and  its  action  on  a  particle  of  another  magnet  is  inverBdy 
as  the  square  of  the  distance."*   On  this  supposition,  be  caU 
culates  the  position  of  a  very  small  needle,  and  draws  three 
of  the  curves  to  which  it  should  be  the  tangent.  These  are 
very  exactly  coincident  with  some  that  he  observed.     We 
tried  this  with  several  magnetic  bars,  and  found  it  very  oon- 
formable  to  observation  in  some  magnets ;  bat  deviating  so 
far  in  the  case  of  other  magnets,  that  we  are  oonvinoed  that 
there  is  no  rule  for  the  force  of  each  transverse  element  of  a 
magnet,  and  that  the  magnetism  is  differently  disposed  m 
different  magnets.  It  was  chiefly  this  which  induced  us  to 
form  the  magnets  employed  in  this  research  of  two  bslls 
united  by  a  slender  rod.     Lichtenberg,  in  his  notes  on 
Erxleben's  Natural  Philosophy,  says,  that  there  is  a  MS.  of 
the  celebrated  Tobias  Mayer  in  the  library  of  the  Academy 
of  Gottingen,  in  which  he  assumes  the  hypothec  above 
mentioned,  and  gives  a  construction  of  the  magnetic  curves 
founded  on  it,  making  them  a  kind  of  catenaria.     The  in- 
terior curves  do  indeed  resemble  the  catenaria^  but  the  ex- 
terior are  totally  unlike.  But  there  is  no  occasion  for  much 
argument  to  convince  us,  that  the  first  part  of  this  bypodie- 
sis  is  not  only  gratuitous,  but  unwarranted  by  any  genenl 
phenomena.     Wc  know  that  a  magnetical  bar  may  have  its 
magnetism  very  differently  disposed ;  for  it  may  have  more 
than  two  poles,  and  the  intermediate  poles  cannot  have  this 
disposition  of  the  magnetism.  Such  a  disposition  is  perhafS 
vosisible;  but  is  by  no  means  general,  or  even  frequent  We 
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^^e  disjto^d  to  think,  that  permanent  magnetism  must  hav« 
its  intensity  diminishing  in  the  very  extremity  of  the  bar. 
The  reader  may  guess  at  our  reasons  from  what  is  said  in 
Klectuicity,  \  222. 

266,  The  follon'mg  very  curious  and  instructive  phenome* 
Ron  wu  tiie  first  thing  which  greatly  excited  the  curiohily 
of  the  writer  of  this  article,  and  long  puzzled  lum  to  explain 
it.  1  ndecd  it  was  his  endeavours  to  explain  it  which  gradu- 
ally opened  up  to  liim  the  theory  of  the  mutual  action  of 
magnets  contained  in  these  paragraphs,  and  first  gave  him 
occasion  to  admire  the  sagacity  of  Dr,  Gilbert,  and  to  see 
the  connecting  principle  of  the  vast  variety  of  observations 
and  experiments  whicli  that  philosopher  hod  made.  It 
e«cnis  awing  to  the  want  of  this  connecting  principle,  that 
a  book  so  rich  in  facts  should  be  so  little  read,  and  that  so 
many  of  Dr.  Gilbert's  observations  have  been  published  by 
others  as  new  discoveries. 

AuuMtig  liimself  in  the  summer  1756  with  magnetic  ex- 
periments, two  large  and  strong  magnets  A  and  B  (Plate 
III.  6g.  6.),  were  placed  with  their  dissimilar  poles  fronting 
each  other,  luid  about  three  inchi^s  apart.  A  small  needle, 
supported  on  a  point,  was  placed  between  them  at  D,  and  it 
arranged  itself  in  the  same  manner  as  the  great  mi^ets. 
Happening  tu  set  it  ofi*  to  a  good  distance  on  the  table,  as  at 
V,  he  was  surprised  to  see  it  immediately  turn  round  on  it.^ 
livol,and  arrange  itself  nearly  in  theoppositedircction.  Bring- 
mg  it  back  to  U  restored  it  to  its  former  position.  Carrying  it 
gradually  out  along  DF,  perpendicular  to  NS,  he  observed 
iltw  become  aenaibly  more  feeble,  vibrating  more  slowly; 
b  Did  when  in  a  certain  jmint  E,  it  had  no  polarity  whatever 
8  A  and  B,  but  retained  any  position  that  was  given 
I  tL  Carrying  it  farther  out,  it  again  acquired  polarity  to  A 
d  B,  but  in  the  opposite  direction  ;  for  it  now  arranged 
l^f  m  ■  position  that  was  parallel  to  NS,  but  its  north 
next  to  N,  and  its  soutli  pole  to  S. 
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This  singalar  appearuice  natur^ly  excited  liis  attmticm. 
The  line  on  which  the  magnets  A  aiid  B  were  placed  had 
been  marked  on  the  table,  as  also  the  line  DP  perpendicu- 
lar to  the  former.  The  point  E  was  now  marked  as  an  im- 
portant one.  The  experiments  were  interrupted  by  a  friend 
coming  in,  to  whom  such  things  were  no  entertainment. 
Next  day,  wishing  to  repeat  tliem  to  some  friends,  the  mag- 
nets A  and  B  were  again  laid  on  the  line  on  which  they  had 
been  placed  the  day  before,  and  the  needle  was  placed  at 
E,  expecting  it  to  be  neutral.  But  it  was  found  to  have  a 
considerable  veriicity,  turning  its  north  pole  toward  the  mag- 
net B ;  and  it  required  (o  he  taken  farther  out,  toward  F, 
before  it  became  neutral.  While  standing  there,  soraething 
chanced  to  joggle  the  ma^ets  A  and  B,  and  they  iniitantly 
rushed  together.  At  the  same  instant,  the  little  magnet  or 
needle  turned  itself  briskly,  and  arranged  itself,  as  it  had 
done  the  day  before,  at  F,  quivering  very  briskly,  and  thua 
Stewing  great  verticity.  This  naturally  surprised  the  b^ 
holders ;  and  we  now  found  that,  by  gradually  withdraw* 
ing  the  magnets  A  and  B  from  each  other,  the  needle  be- 
came weaker— then  became  neutral— ^md  then  turned  round 
on  its  pivot,  and  took  the  contrary  position.  It  was  veiy 
amusing  to  observe  bow  the  simply  separating  the  magnets 
A  and  B,  or  bringing  them  together,  made  tbeneedle  assume 
5uch  a  variely  of  jwsitions  and  degrees  of  vivacity  in  each. 

The  needle  was  now  put  in  various  situations,  in  reelect 
to  the  two  great  magnets :  namely,  off  at  a  side,  and  not  in 
the  perpendicubr  DF.  In  these  situations,  it  took  an  in- 
conceivable variety  of  poutions  which  could  not  be  reduced 
toanr  nile;  and  in  most  of  them,  it  required  only  amotiai 
of  one  of  the  great  magnets  for  an  inch  or  two>  to  moke  tbe 
needle  turn  briskly  round  on  its  fnvot,  and  assume  a  p 
ncariy  opposite  to  what  it  had  before. 

But  all  this  was  very  puzsling,  and  it  was  not  till  d 
veral  months,  that  the  writer  of  this  article  havinget 
the  notion  of  the  magnetic  curves,  was  in  a  conditioD  to4 
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plain  the  phenonwna.  With  this  assistance,  however,  they 
are  very  clear,  and  very  instructive. 

Nothing  hinders  us  from  supposing  the  magnets  A  and 
B  perfectly  equal  in  every  respect.  Let  NHM,  NEL,  be 
two  magnetic  curves  belonging  to  A ;  that  is,  such  that  the 
needle  arrange  ittelf  along  the  tangent  of  the  curve-  Then 
the  magnet  P  has  two  curves  SGK,  SEI,  peWcctly  equal, 
Wid  umilar  to  the  etlier  two.  Let  the  curves  NHM  and 
SGK  intersect  in  C  and  F.  Let  the  curves  NEL  and  SEF 
touch  each  other  in  E. 

The  needle  being  placed  at  C,  would  arrange  itself  in  the 
tangent  of  the  curve  KGS,  by  the  action  ofB  alone,  having 
its  north  pole  turned  toward  the  south  pole  S  of  B.  But, 
by  the  action  of  A  alone,  it  would  be  a  tangent  to  the  curve 
NHM,  having  its  north  pole  turned  away  from  N.  Th^'c- 
fore,  by  the  combined  action  of  both  magnets,  it  will  take 
nnther  of  these  positions,  but  an  intermediate  one,  nearly 
bisectillg  the  angle  formed  by  the  two  curves,  having  its 
north  pole  turnod  toward  B. 

But  remove  the  needle  to  F.  Then,  by  the  action  of  the 
BiagDet  A,  it  would  be  a  tangent  to  the  curve  FM,  having 
its  north  pole  toward  M.  By  the  action  of  B,  it  would  be 
a  tangent  to  the  curve  KFG,  having  its  north  pole  in  the 
angle  MFG,  or  turned  towiU-d  A.  By  their  joint  action, 
it  takes  a  position  nearly  bisecting  the  angle  GFM,  with  its 
north  pole  toward  A. 

Let  the  needle  be  placed  in  E.  Then,  by  die  action  of 
the  magnet  A,  it  would  be  a  tangent  to  the  curve  NEL, 
wiOi  its  north  pole  pointing  to  F.     But,  by  the  action  of  B, 

tn  will  be  a  tangent  to  SEI,  with  its  north  pole  pointing  to 
Ik  These  actions  being  supposed  equal  and  opposite,  it 
vill  have  no  verticity,  or  will  be  neutral,  and  retain  any  po- 
litioii  that  b  given  to  it. 
The  curve  SEI  intersects  the  curve  NHM  in  P  and  Q. 
The  tame  reasoning  shews,  that  when  the  needle  is  placed 
at  P,  it  will  arrange  ificif  with  its  north  pole  in  the  angle 
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?!nm  iuBK  racsi  ma  aiwiiiiici  «e  mmc  infer,  that,  fior 
•v<!r-r  'Uaraguut  ir'  -iie  -nagnffta  A  and  B^  tfaoe  will  be  « t&- 
AJM  tr  'ixirrea.  m  y!xu:}i  :hft  TiwiHimiriy  aivvtiieedle  will  at 
«»vn  iit  4  TMUggnr.  THer  mil  riae  Sobbi  d»  adjuiniug  pedes 
«wi  M*!  «fi«jir  <3*MHiii^<iuigai&uIy  die  laauMiya  fivmedby  the 
nrw  vaT-V4nr»txc»rr<a,aB  in  Plate IILfi^6L  Tbcaeiaay 
ite  ^d«fi  r/vwmr :«B  or  ^ecosxtiLAT  magnrtir  curves.  Mom- 
4ivAr,  ^h«w»  iiKniuiarj  carves  will  be  at  two  binda^  aeeofdiBg 
m  ttktj  pwM  throuiTi^  the  firac  or  KosBd  interaecdaBs  of  the 
fntMorj  ciirv««,  and  the  needle  will  bawe  opposite  poationa 
when  plaited  on  chem.  These  two  sets  of  cunca  will  be  ae- 
rated by  a  curve  GEH,  in  the  draxmfeicaBe  of  which  the 
Medbs  will  be  neutraL  This  carve  passes  tfaram^  thepointa 
whtft  the  primary  curves  toacfa  each  other.  We  may  ctil 
thia  the  line  of  neMtraUij^  or  inactivity. 

We  now  Me  diAdnctly  the  effect  of  brii^i^g  the  magneta 
A  and  B  nearer  together,  or  separating  them  finthcr  froni 
each  other.  By  bringing  them  nearer  to  eadi  otheri  the 
prnnt  K,  wMcb  is  now  a  point  of  neutrality,  may  be  found 
in  the  $ecf*nd  intersection  (such  as  F)  of  two  magnetic  curves^ 
ami  the  needle  will  take  a  subcontrary  poaidoD.  By  draw* 
in^  them  farth<ir  from  each  other,  £  may  be  in  tbejlrd  ia^ 
terftcction  of  two  magnetic  curves,  atid  the  needle  will  taka 
a  position  »imilar  to  that  of  C. 

If  the  magnet})  A  and  B  are  not  placed  ao  aa  to  fcana  a 
straight  line  with  tlu>ir  four  poles,  but  have  their  axes  maUif 
nn  angle  with  each  other,  the  contacts  and  intersections  of 
their  attffnding  curves  may  be  very  different  from  those  not 
reproM'Uted ;  and  the  positions  of  the  needle  wfll  difliVr  a^ 
c'di'dingly.  But  it  is  plain,  from  what  has  been  said,  thatif 
we  knrw  the  law  of  action,  and  consequently  tbefbnaof 
the  prininry  curves,  we  should  always  be  able  to  say  what 
will  be  flic*  position  of  the  needle.  Indeed,  the  conridera-' 
lion  (>r  the  simple  curves,  although  it  was  the  mean  of  sag- 
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geitang  to  tlie  writer  of  this  aritele  the  explanation  of  those 
more  complicated  phenomeD.i,  is  by  no  lUeanA  necessary  for 
this  purpose.  Having  the  law  of  magnetic  nctton,  wc  must 
know  each  of  tlie  eight  forces  by  which  the  needle  is  affect- 
ed, both  in  respect  of  direction  and  intensity  i  and  are  (tiere- 
fi>re  able  to  ascertain  the  single  force  arising  from  their  com- 
position. 

When  the  similar  poles  of  A  an6  B  are  ojiposed  to  each 
other,  it  is  easy  to  see,  that  the  position  of  tlic  needle  must 
be  extremely  different  from  what  we  have  been  describing. 
When  placed  anywhere  in  the  line  BF,  bclween  two  mag- 
nets, whose  north  poles  front  each  other  in  N  and  S,  its  north 
pole  will  always  point  away  from  the  middle  point  D.  There 
will  be  no  neutral  point  E.  If  the  needle  be  placed  at  P 
or  Q,  its  north  pole  will  be  within  the  angle  EPII,  or  FQI. 
This  position  of  the  magnets  gives  another  set  of  secondary 
curves,  which  also  cross  the  primary  curves,  pass'mg  diago- 
nally through  the  loeenges  formed  by  their  intersection. 
But  i(  is  the  other  diagonal  of  each  losenge  which  isa  cliord 
to  those  secondary  curves.  They  will,  therefore,  have  a 
form  totally  different  from  the  lin-mer  spedes.  ^ 

267.  The  consideration  of  ihis  compounded  magnetism  is 
important  in  the  science,  both  for  explaining  complex  phe- 
umuenfi,  and  for  advancing  our  knowledge  of  the  great  de- 
wderatum,  Uie  law  of  magnetic  action.  It  ser*-es  this  pur- 
puse  remarkably.  By  employing  a  very  small  needle,  tlie 
pmnts  of  neutrality  ascertain  very  nearly  where  the  magne- 
tic eur\'efi  have  a  common  tangent,  and  shews  the  position 
uf  this  tangent.  By  placing  the  two  magnets  so  as  to  form 
lanous  angles  with  each  other,  we  can,  by  means  of  tliese 
~U«tral  points,  know  die  position  of  the  tangent  in  every 

"llof  the  carve,  and  thus  can  ascertain  the  form  of  the 
T^,  and  the  law  of  action  with  conaderable  accuracy.  The 
t  of  thb  article  took  this  method  ;  atid  the  result  cad- 
i  hihi  in  the  opinion,  that  it  was  in  the  inverse  dupli- 

te  ntio  of  the  distances.  .  The  chief  (peihapB  die  o 


ground  of  error  leein^d  to  be  the  diffcnkj  of  procuring  1^^ 
nxagneU,  having  the  action  of  each  pole  tctj  mudi  ooneen* 
tratecL  Large  magnets  mu^  be  etapfejcd.  He  atteoipled 
to  make  iiuch,  crjo<a^ing  of  two  spheiical  balls,  joined  bj  « 
jjender  rod  But  be  could  not  ^tc  a  strong  magnetism  to 
magnets  of  this  fbrm^  and  was  forced  to  make  use  of  com- 
mon bars,  the  poles  of  which  are  considerably  diffused.  TUf 
diffusion  of  the  pde  renders  it  very  difficult  to  select  with 
proprietj  the  points  from  which  the  distances  are  to  be  es- 
timated, in  die  investigation  of  the  relation  betweoi  the  for* 
ces  and  distances. 

He  tried  another  method  for  ascertaining  this  so  much 
desired  Uw,  which  had  also  the  same  result.    Having  made 
a  needle  consisting  of  two  balls  joined  by  a  slender  rod,  and 
having  touched  it  with  great  care,  so  that  the  whole  strength 
of  its  poles  seemed  very  little  removed  from  the  centres  of 
tlie  balk,  he  counted  the  number  of  horizontal  vibrations 
which  it  made  in  a  gpven  time  by  the  force  of  terrestrial  mag- 
netism. He  then  placed  it  on  the  middle  of  a  very  fine  and 
large  magnet,  placed  with  its  poles  in  the  magnetic  meri- 
dian, the  north  pole  pointing  south.      In  this  situation  he 
counted  the  vibrations  made  in  a  given  time.  He  tlien  nuaed 
it  up  above  the  centre  of  the  large  magnet,  till  the  distance 
of  its  poles  from  those  of  the  great  magnet  were  changed  in 
a  certain  proportion.      In  this  situation  its  vibrations  were 
again  counted.     It  was  tried  in  the  same  way  in  a  third  si- 
tuation, considerably  more  remote  from  the  great  magnet 
Then,  having  made  the  proper  redaction  of  the  forces  g(X' 
responding  to  the  obliquity  of  tlieir  action,  the  force  of  the 
poles  of  the  groat  magnet  was  computed  from  tlie  number 
of  vibrations.     To  state  here  the  circumstances  of  the  ezpo' 
riment,  the  necessary  reductions,  and  the  whole  computi^ 
tions,  would  occupy  several  pages,  and  to  an  intelljgeBt 
reader  would  answer  little  purpose.     Mr.  Lambert^s  eiod- 
lent  dissertation  in  the  22d  vol.  of  the  Menu  de  FJcad.  Jk 
Berlin^  will  shew  the  prolixity  and  intricacy  of  this  investi* 
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e  it  to  say>  thai  these  experiments  were  the 
HHHt  consistent  with  each  other  of  any  made  by  the  writer 
of  this  article,  with  the  view  of  ascertaining  the  law  of  mag- 
netic action  (  and  it  is  chiefly  from  their  result  that  he  thinto 
himself  authorised  to  say,  with  some  confidence,  tliat  it  is 
inversely  as  the  square  of  the  distance.  These  experiments 
were  first  made  in  a  rough  way  in  17G9  and  1770.  In 
1775,  observing  that  Mr.  .lEpinus  seemed  to  tliink  the  ac- 
tion inversely  as  the  distance  (see  his  Tottam.  Thear.  EltrJr. 
rt  Magn.  §  301.  &c.),  they  were  repeated  with  very  great 
care ;  and  to  (Iicse  were  added  another  set  of  experiments, 
made  with  the  same  magnet  and  the  same  needle,  placed 
not  above  the  magnet,  but  at  one  side  (hut  always  in  the 
hne  through  the  centre,  perpendicular  to  the  asisi  so  that 
the  actions  of  the  two  poles  might  be  equal).  This  disposi- 
tion evidently  simplifies  the  process  exceedingly-  The  re- 
suh  of  the  whole  was  still  more  satisfactory.  This  conclu- 
sion IB  also  confirmed  by  the  experiments  of  Mr.  Coulomb 
in  the  Memoirs  of  the  Academy  of  Sciences  at  Paris  for  1 786 
snd  1787.  It  would  seem  therefore  to  be  pretty  well  es- 
tablished. AnothpT  method,  which  seems  susceptible  of  con- 
ndersble  accuracy,  still  remains  to  be  tried.  It  will  be  men- 
tiooed  in  due  time. 

Sucb  then  are  the  general  laws  observed  in  the  mutual 
ict'mn  of  magnets.  ^Vc  think  it  scarcely  necessary  to  enter 
into  a  farther  detail  of  their  consequences,  corresponding  to 
the  innumerable  varieties  of  positions  in  which  they  may  l>e 
placed  with  respect  to  each  other.  We  ate  confident,  that 
Ac  sensible  actions  will  always  be  found  agreeable  to  the  le- 
ptimate  consequences  of  the  general  propositions  which  we 
<e  established  in  the  preceding  paragraphs.  We  ]>roceed 
BlhcrBfbre  to  consider  some  physical  facts  not  yet  taken  Do- 
le of,  which  have  great  influence  on  the  phenomena,  and 
utiy  assist  us  in  our  endeavours  to  understand  aomething 
■  their  remote  cause. 


J 


2r>8.  \U<rt\t^\fim^  ill  ill  \t.%  modificatians  of  attraction,  r^ 
piiUion,  .iml  cliriTtinn,  is,  in  general,  of  a  temporary  or  pe- 
ri sliin;;  nniiinv  TI)c  liest  loadstones  and  magnets^  unle» 
kept  Willi  rnrf*.  and  wuJi  attention  to  certain  circumstances, 
^rr  ohsiTvrrI  to  riimmish  m  their  power.  Natural  loadstones, 
md  inar^nfts  made  ot'  -ttecl,  tempered  as  hard  as  possible, 
rotnin  their  virtue  with  the  greatest  obstinacy,  and  seldom 
io«e  it  aho;j^rthpr,  unless  in  situations  which  our  knowledge  of 
mafi^ctism  teaches  u.s  to  be  unfavourable  to  its  durabibty. 
Ma^ets  of  tempered  fiteel,  such  as  is  used  for  watch-sprbigs, 
are  much  sooner  weakened,  part  with  a  greater  proportion 
of  their  force  by  simple  keepini^,  and  finally  retun  little  or 
none.  .Sr>ft  nival  and  iron  lose  their  magnetism  almost  as 
noon  as  its  producing  cause  is  removed,  and  cannot  be  made 
to  retain  any  sensible  portion  of  it,  unless  th^  metallic  state 
Ruffor  Ronie  change. 

I .  Nothing  tends  so  much  to  impair  die  power  of  a  mag- 
net as  the  keeping  it  in  an  improper  position.  If  its  axis  be 
placrd  in  the  magnetic  direction,  but  in  a  contrary  position, 
thiit  is,  with  the  north  pole  of  it  where  the  south  pole  tends 
to  srttic,  it  will  grow  weaker  from  day  to  day;  and  unless 
it  Ih*  n  natural  loadstone,  or  be  of  hard  tempered  steel,  it 
will,  nfur  no  vory  long  time,  lose  its  power  altogether. 

'2.  Thisfi  dissipation  of  a  strong  magnetic  power  is  gready 
prouiotrd  by  heat.      Even  the  heat  of  boiling  water  affects 
It  srnsibly  ;  and  if  the  magnet  be  made  red  hot,  its  power 
IS  rntirvly  (Icslroyed.     This  ki8t  fact  has  long  been  known. 
Or.  (filbort  tried  it  with  many  degrees  of  violent  heat,  and 
found  tlir  con^inpicnces  as  now  stated ;  but  having  no  ther- 
nionu^rrs  ui  that  dawn  of  science,  he  could  not  say  anything 
pri'risr.      Ilo  t»iily  observes,  that  it  is  destroyed  by  a  belt 
ttpt  siillUirut  to  make  it  visible  in  a  dark  room.     Mr.  Can- 
ton liMittd  cvou  Utiling  water  to  weaken  it ;  but  on  cooliflg 
rt^jiun  the  gn^  (i*iit  jiart  was  recovered*. 

•  '^^  »: »%  I  «« ».  olu.rvfii  ih,-  ,4„k.  f^c*  with re^vd to  nickel ;  and befood 
«i«*  \u  u  iv'i!,  n.vVvl  Am)  mm  oTAic  to  b<  jtrtricied  by  the  asagoet  wbnlky 
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3.  What  is  more  remarkable,  niagnftism  U  inipaim]  hy 
Y  rough  I  "^ 


Dr.  GillxTt  IwimH,  that  a 
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majjnet  v 
ipregnaied  very  siroHgly,  was  very  mucli  impa 
by  a  siDgle  fall  on  the  floor ;  and  it  lias  Imtcd  observcil  s 
his  lime,  that  falling  on  stones,  or  receiving  any  c< 
which  causes  the  magnet  to  ring  or  sound,  hurts  it  much 
more  than  beating  it  with  any  thing  soft  and  yielding.  Grind- 
ing a  natural  loadstone  with  coarse  jjowders,  to  bring  it  into 
ahapc,  weakens  it  mud) ;  and  load^iones  should  iherefbrb 
be  reduced  into  a  shape  as  little  difl'erent from  their  natural 
form  as  possible ;  and  this  should  be  dune  briskly,  uutting 
them  with  the  tbin  disks  of  the  lapidary's  wheel,  culling  off 
only  what  is  necessary  for  leaving  their  most  active  parts  or 
>les  as  near  their  cKtrcuiities  as  we  can. 
AJ!  these  causes  of  the  diminution  of  magnetism  are  more 
ilire  if  the  magnet  be  all  the  while  in  an  improper  po- 
'iStioo. 

4.  Lastly,  magnetism  is  impaired  and  destroyed  by  plaung 
die  magnet  near  another  magnet,  with  their  similar  poles 
Tronting  each  other.     We  have  had  occasion  to  remark  this 
already,  when  mentioning  the  experiments  made  with  mag- 
nets in  this  position,  for  ascerlainiiig  the  general  laws  or  va- 
riations of  their  repulsion.     We  tliere  observed,  that  mag- 
nets so  situated  always  weakened  each  other,  and  that  a 
powerful  magnet  often  changed  the  species  of  the  nearest 
le  of  one  less  powerful.  This  change  is  recovered,  in  part 
least,  when  it  has  taken  place  in  a  loadstone  or  a  magnet 
'hsrd  steel ;   but  in  spring  tempered  steel  the  change  is 
ly  pemiancnt,  and  almost  to  the  full  extent  of  its  con- 
while  the  magnets  are  together.     It  is  to  be  remark- 
that  this  change  is  gradual ;  and  is  expedited  by  any  of 
other  causes,  particularly  by  heat  or  by  knocking. 
869.  On  the  other  hand,  magnetism  is  acquired  by  the 
when  some  other  circumstances  are  attended  to. 
I,  A  bar  of  iron,  which  has  long  stood  in  the  magnetic 
itection,  or  nearly  so,  will  gradually  acquire  magnetism, 
the  ends  wiU  » 
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situatioD.  In  this  country,  and  the  north  of  Europe,  the 
old  spindles  of  turret  vanes,  old  bars  of  windows,  fcc.  ac- 
quire a  sensible  magnetism  ;  their  lower  extremity  beoom- 
ing  a  north  pole,  and  the  other  end  a  south  pole.  Gilhot 
ss^s,  that  this  was  first  observed  in  Uantua,  in  the  vane 
^lindle  of  the  Augustine  church*-***  Vadojkxa  (says  be) 
iqmmgria^  ft  apolhecario  aadam  amcesMOf  aUrakAat  ftrrm  m> 
famte,  viperqium  ingignir  The  upper  bar  of  a  hand  nol 
to  a  stair  on  the  north  nde  of  the  highest  part  of  the  steeple 
of  St  Giles^  church  in  Edinburgh  is  very  magnetical ;  and 
the  upper  end  of  it,  where  it  is  lodged  in  the  stone,  is  a  vi- 
gorous south  pole.  It  is  worth  notice,  that  the  parts  of  such 
old  bars  acquire  the  st]x>ngest  magnetism  when  their  metal- 
lic state  is  changed  by  exposure  to  the  air,  beoomi^gfioljuited 
and  friable  It  would  be  worth  while  to  try,  whether  the 
9thiops  martialis,  produced  by  steam  in  the  experiments  for 
decomposing  water,  will  acquire  magnetism  during  its  pro- 
duction. The  jnpe  and  the  wires,  which  are  converted  into 
the  shining  sthiops,  should  be  placed  in  the  magnetic  direc- 
tion. 

2.  If  a  bar  of  steel  be  long  hammered  while  lying  in  the 
magnetic  direction,  it  acqu'ures  a  sensible  magnetism  (See 
Dr.  Gilbert's  plate,  representing  a  blacksmith  hammering  a 
bar  of  iron  in  the  magnetic  direction).   The  points  of  driUs, 
especially  the  great  ones,  which  are  urged  by  very  great  pres- 
sure ;  and  broaches,  worked  by  a  long  lever,  so  as  to  cut  the 
iron  very  fast,  acquire  a  strong  magnetism,  and  the  lower 
end  always  becomes  the  north  pole  (PhQ.  Trans,  xx.  417.) 
Even  driving  a  hard  steel  punch  into  a  piece  of  iron,  gives 
it  magnetism  by  a  single  blow.     In  short,  any  very  vioteit 
squeeze  given  to  a  piece  of  tempered  steel  renders  it  magn^ 
tic,  and  its  polarity  corresponds  with  its  position  during  the 
experiment.     We  can  scarcely  take  up  a  cutting  or  bonng 
tool  in  a  smith's  shop  that  is  not  magnetical.   Even  soft  steel 

*  GassenHi  is  said  to  have  first  observed  this  in  the  cross  of  the  spire  of  tb( 
church  of  St.  Jeau  d*Aix,  in  Provence.     £x>. 
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and  Iron  acquire  permanent  magnetism  in  tliis  way.  Iron 
idso  acquires  it  by  twisting  and  breaking.  It  in  tlierefure 
difficult  to  procure  pieces  otirun  or  alcel  totalty  voi<l  ul'dftcr- 
minate  and  permanent  magnetism  ;  nnd  iliia  frequently  mars 
the  experiment  a  mentioned  in  (he  first  parngraphs  of  this  arti- 
cle*. The  way  therefore  to  ensure  success  in  these  experiments 
is  to  deprive  the  rods  of  their  accidental  mngiietism,  t)y  some 
of  ttie  methods  mentioned  a  httle  ago.  Lit  them  be  heated 
red  hot,  and  allowed  to  cool  while  lying  in  a  direction  per- 
pendicular to  the  magnetic  direction  (nearly  E.  N.  E.  and 
W   S.  VV.  in  this  country.) 

3.  As  heat  is  observed  to  destroy  magnetism,  so  it  may 
also  be  employed  lo  induce  ii  on  substances  that  sre  sat- 
ccpfable  of  magnetixm.  Dr.  Gilbert  makes  this  observa- 
tioo  in  many  parts  of  his  work.  He  says,  diat  the  ores  of 
iron  which  are  in  that  particular  metallic  state  which  he 
eaOBdvtas  most  susceptible  of  magnetism,  will  acquire  it 
by  long  continuance  in  a  red  heat,  if  laid  in  the  magnetic 
direcbOD,  and  that  their  polarity  is  conformable  lo  their  po»> 
tkm,  that  end  of  the  mass  which  is  neiLi  the  north  becom- 
ing the  Dortb  pole.  He  also  mode  many  experimenu  on 
iron  and  Meel  bars  exposed  to  strong  heats  in  the  magneti- 
ul  dtrectioa.  Such  experiments  have  been  made  since  Gil* 
bd^alinieiD  great  number.  Dr.  Hooke,  in  1684.  made 
tipaiments  on  rods  of  iron  and  steel  one  fifth  of  an  inch  in 
Ji^BcUT,  and  seven  iodies  long.  He  found  them  to  ac- 
^lUR  permanent  magnetism  by  eyposure  to  strong  heat  in 
CbcB^netic  directioo,  and  if  allowed  to  cool  in  that  dirci> 
am.  But  the  magoettan  thus  acquired  by  steel  rods  was 
b  suunger,  and  more  permanent,  if  they  were  sudden- 
d  with  cold  wnler,  so  as  to  temper  them  very  hard. 

«a>  kaitt  kd  to  My  if  BiM  npericaaed  UT  ehanc*  o(  haft 
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HC' found  that  the  end  which  was  next  to  the  north,  or  tibe 
lower  end  of  a  vertical  bar,  was  always  its  permanent  north 
pole.  Even  quenching  the  upper  end,  while  the  reat  wai 
suffered  to  cool  gradually,  rendered  it  a  very  sen^Ue  south 
pole.  No  magnetism  was  acquired  if  this  operation  was  per- 
formed on  a  rod  lying  at  right  angles  to  the  magnetical 
direction. 

In  these  trials  the  polarity  was  always  estimated  by  the 
action  on  a  mariner^s  needle,  and  the  intenuty  of  the  mag- 
netism was  estimated  bv  the  deviation  caused  in  this  needle 
from  its  natural  position.     Dr.  Gilbert  made  a  very  remark- 
able observation,  which  has  s'mce  been  repeated  by  Mr. 
Cavallo,  and  publislied  in  the  Philosophical  Tnusactions 
as  a  remarkable  discovery.   Dr.  Gilbert  says,  p.  69.  ^  BaeSU 
lumftrrtumy  validt  ignitum  appone  versorio  txalB;  dot  verso- 
num,  nee  ad  takftrrum  convertitur:  sed  statm  lUprimum  dc 
candore  altquanitdum  rcmheril^  confluit  illicoT*      In   several 
other  parts  of  his  treatise  he  repeats  tlie  same  thing  with 
different  circumstances.     It  appears,  therefore,  that  while 
iron  is  red  hot,  it  is  not  susceptible  of  magnetism,  and  that 
it  is  during  the  cooling  in  the  magnetic  direction  that  it  ac- 
quires it     Gilbert  endeavoured  to  mark  the  degree  of  heat 
most  favourable  for  this  purpose;  but  being  unprovided 
with  thermometers,  he  could  not  determine  any  thing  with 
precision.   He  says,  that  the  versorium,  or  manner's  needle, 
was  most  deranged  fn)m  its  natural  position  a  little  while 
after  the  bar  of  iron  ceased  to  shine  in  day-light,  but  ivis 
stiU  pretty  bright  in  a  dark  room.     But  there  are  otber 
experiments  which  we  have  made,  and  which  will  be  men- 
tioned by  and  bye ;  by  which  it  appears,  that  althou^  a 
bright  red  or  a  white  heat  makes  iron  unsusceptible  of  mif- 
netism  while  in  that  state,  it  predisposes  it  for  becomiog 
magnetical.     When  a  bar  of  steel  was  made  to  acquire  mag- 
netism by  tempering  it  in  the  magnetical  direction,  we  found 
that  the  acquired  magnetism  was  much  stronger  when  the 
bar  was  made  first  of  all  very  hot,  even  although  allowed  to 
come  to  its  most  magnetical  state  before  quenching,  than  if 


H  hitd  been  Iieated  only  to  that  decree ;  nay,  we  alwayi 
found  it  stronger  when  it  was  quenclicd  when  red  hot'.  We 
offer  no  explanation  ut  present ;  our  sole  business  just  now 
being  to  slate  tacts,  and  to  generalize  Uiem,  in  tlie  hopes  oi' 
finding  some  fact  which  shall  contain  all  tlie  others. 

4.  The  most  distinct  acquisitions  and  changes  of  magnet- 
ism are  by  juxtaposition  to  otlier  magnets  and  to  iron.  As 
ihc  magnetism  of  a  loadsttnie  or  magnet  is  weakened  by 
bringing  its  pole  near  the  similar  pole  of  another  magnet,  it 
is  improved  by  bringing  it  near  the  other  pole  ;  and  it  is  al- 
ways  improved  by  bringing  it  near  any  piece  of  iron  or  soft 
steel. 

But  this  action,  and  the  mittual  relation  of  magnets  and 
common  iron,  being  tlic  must  general,  and  the  most  ctin> 
ous  and  instructive  of  all  the  phenomena  of  magnetism, 
they  merit  a  very  particular  consderation, 

Of  the  communication  of  Magnetism. 

370.  The  whole  may  be  comprehended  in  one  proposition, 
which  may  be  said  to  contain  a  complete  theory  of  magnet- 
ism. 

Fundamental  pro{)osition. 

Mill/  piece  of  iron,  when  in  the  iteighhourhood  of  a  magnet,  ii 
a  magiiet,  and  rt»  polarity  is  so  disponed  that  the  nagiut  and  tf 
mutaaHif  attract  each  othrr. 

The  phenomena  which  result  from  this  fundamental  prin- 
ciple are  infinitely  various,  and  we  must  content  ourselves 
with  describing  a  simple  case  or  two,  which  will  sufficiently 
enable  the  reader  to  explain  every  other. 

271.  Take  a  large  and  strong  magnet  NAS  (Plate  III 
fg-  7.).  of  which  N  is  the  north,  and  S  the  souh  pole.  Let 
t  be  properly  supported  in  a  horizontal  position,  with  its 

L  tting  Herit-a  of  opeiiments  on  the  ianiience  of  IcmpBnK'rr 

13  (iiuiiri,  aflcc  tbf  death  of  Coulanib,  among  bis  uii|iubli:l>«d 
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poles  free,  and  at  a  distance  from  iron  or  other  bodies. 
Take  any  small  piece  of  common  iron,  not  exceeding  two 
or  three  inches  in  length,  such  as  a  smaU  key.  Take  abo 
another  jneoe  of  iron,  such  as  another  smaller  key,  <v  a  fait 
of  wire  about  the  thickness  of  an  ordinary  quill. 

1.  Hold  the  key  horizontaUy,  near  one  of  the  poles,  (tt 
shewn  at  No  1.  fig.  7.  Plate  III.)*  taking  care  not  to  (ouch 
the  pole  with  it;  and  then  bring  the  other  piece  of  iioo  to  the 
other  end  of  the  key  (it  is  indifferent  which  pole  is  thnsap- 
proached  with  the  key,  and  which  end  <^  the  key  is  held  near 
the  pole.)  The  wire  will  hang  by  the  key,  and  will  continue 
to  hang  by  it,  when  we  gradually  withdraw  the  key  liori- 
Kontally  from  the  magnet,  till,  at  a  certain  distanop,  the 
wire  will  drop  from  the  key,  because  the  magnetism  imparted 
from  this  distance  is  too  weak.  That  this  is  die  sole  reason 
of  its  dropping,  will  appear  by  taking  a  shorter,  or  rather  a 
slenderer,  bit  of  wire,  and  touch  the  remote  end  of  the  key 
with  it :  it  will  be  sujqported,  even  though  we  remove  the 
key  still  farther  from  die  magnet 

8.  Hold  the  key  below  one  of  the  poles,  as  at  No  2,  or  S^ 
and  touch  its  remote  end  with  the  wire.  It  will  be  sus- 
pended in  like  manner,  till  we  remove  the  key  too  far  fiom 
the  magnet 

3.  Hold  the  key  above  the  poles,  as  at  No  4,  or  5,  and 
touch  its  adjacent  end  with  the  wire  (taking  care  that  the 
wire  do  not  also  touch  the  magnet).  The  wire  will  still  be 
supported  by  the  key,  till  both  are  removed  too  far  fnm 
the  magnet. 

Thus  it  appears,  that  in  all  these  situations  the  key  his 
shewn  the  characteristic  phenomenon  of  Magnetism,  namelj, 
attraction  for  iron.  In  the  experiment  with  the  key  hdd 
above  the  pole,  the  wire  is  in  the  same  ^tuation  in  respect  to 
magnetism  as  the  key  is  when  held  below  the  pole;  but  tbe 
actions  are  mutual  As  the  key  attracts  the  wire,  so  the 
wire  attracts  the  key. 

If  the  magnet  be  supported  in  a  vertical  positioo,  as  ia 
Plate  III.  fig.  8.  the  phenomena  will  be  the  same;  and  when  /^^^ 
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'the  key  is  held  directly  above  or  directly  below  tlie  pole,  it 
will  carry  rather  a  heavier  wire  than  in  the  horizontal  posi- 
tion of  the  magnet  and  key. 

Instead  of  npproacliing  tlie  magnet  with  the  key  and 
%Tire,  wc  may  bring  the  magnet  toward  ihem,  and  the  phe- 
nomena will  be  &till  more  palpable.  Thus,  it'  the  bit  of  wirc^ 
be  lying  on  the  table,  and  we  touch  one  end  of  it  with  the 
key,  they  will  shew  no  connection  whatever.  While  we 
]iold  the  key  very  near  one  end  of  tlie  wire,  bring  down  the 
pole  of  a  magnet  toward  the  key,  and  we  shall  then  sec  the 
end  of  the  wire  rise  up  and  slick  to  the  key,  which  will  now 
mpport  it.  In  like  manner,  if  we  lay  a  tjuaniity  of  iron 
fillings  on  the  table,  and  touch  them  with  the  key,  in  the 
tbience  of  the  magnet,  we  find  the  key  totally  inactive. 
But)  OQ  bringing  the  magnet  any  how  near  the  key,  it  im. 
medktely  atuacls  the  iron  filings,  and  gathers  up  a  heap  of 
than. 

872.  In  the  next  place,  this  vicinity  of  a  magnet  to  a 

pece  of  iron  gives  it  a  directive  power.     Let  NAS  (Plate 

III.  6g.  g.)  be  a  magnet,  and  DC  (N'>  1.)  a  key  held  near 

dw  Dortb  pole,  and  in  the  direction  of  the  axis.     Bring  .1 

wy  small  mariner's  needle,  supported  on  a  sharp  point, 

par  the  end  C  of  the  key  which  is  farthest  from  N.     We 

£  tills  needle  immediately  turn  its  soutti  pule  towards 

its  north  pole  away  from  C.     This  position  of  the 

b  indicated  at  c,  by  marking  its  north  pole  with  a 

land  its  south  with  a  cross.     Thus  it  appears  that  the 

got  a  directive  power  like  a  magnet,  and  that  the 

iC  it  performing  the  office  of  a  north  pole,  attracting 

pole  of  the  needle,  and  repelling  its  north  pole. 

iMj  indeed  be  said,  that  the  needle  at  c  arranges  itself 

I  Ais manner  by  the  directive  power  of  the  magnet ;  for 

[fould  take  the  same  position  although  the  key  were  away. 

;if  we  place  the  needle  at  b,  it  will  arrange  itself  as  there 

itcd,  shewing  that  it  is  influenced  by  the  key,  and 

at  least)  by  the  magnet.     In  like  manner,  if  f( 

He  at  a,  we  shall  see  it  Iiun  its  north  pole  I 
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ward  B,  notwithstandiDg  the  action  of  the  magnet  on  it 
This  action  evidently  tends  to  turn  its  north  pde  quite  an- 
other way  ;  but  it  is  influenced  by  B,  and  B  is  perfonning 
the  office  of  a  south  pole. 

In  like  manner,  if  we  place  the  key  as  at  No  2,  we  dull 
observe  the  end  B  attract  the  south  pole  of  the  needle 
*'^<iced  at  fli  and  the  end  C  attract  the  north  pole  of  a  needle 
i  «aced  in  b.  In  this  situation  of  the  key,  we  see  that  B 
performs  the  office  of  a  north  pole,  and  C  performs  the  office 
of  a  south  pole. 

Thus  it  appears  that  the  key  in  both  ntiytions  has  be- 
come a  magnet,  possessed  of  both  an  attractive  and  a  direc- 
tive power.     It  has  acquired  two  poles. 

873.  Lastly,  the  magnetism  of  the  key  is  so  disposed, 
that  the  two  magnets  NAS  and  BC  must  mutually  attract 
each  other;  for  their  dissimilar  poles  front  each  other.  Now, 
it  is  a  matter  of  uniform  and  uncontradicted  observation,  that 
when  a  piece  of  iron  is  thus  placed  near  a  magnet,  and  the 
disposition  of  its  magnetism  is  thus  examined  by  means  of 
a  mariner'^s  needle,  the  disposition  is  such  that  two  perma- 
nent magnets  with  their  poles  so  disposed  must  attract  each 
other.     The  piece  of  iron,  therefore,  having  the  same  mag- 
netic relation  to  the  magnet  that  a  similar  and  similarly  dis- 
posed magnet  has,  must  be  affected  in  the  same  mamier. 
We  cannot,  by  any  knowledge  yet  contained  in  this  article, 
give  any  precise  intimation  in  what  way  the  polarity  of  tbe 
piece  of  iron  will  be  disposed.     This  depends  on  its  diape 
as  much  as  on  its  position.    By  describing  two  or  three  ex- 
amples, a  notion  is  obviously  enough  suggested,  which,  al- 
though extremely  gratuitous,  and  perhaps  erroneous,  is  of 
service,  because  it  has  a  general  analogy  with  the  observed 
appearances. 

If  one  end  of  a  slender  rod  or  wire  be  held  near  the  north 
pole  of  the  magnet,  while  the  rod  is  held  in  the  directioa 
of  the  axis  (like  the  key  in  Plate  III.  fig.  7.  N^  1.)  the  neiT 
end  becomes  a  south,  and  the  remote  end  a  north  pole. 
Keeping  this  south  pole  in  its  place,  and  tumipg  the  rod  in 
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mny  direction  from  thence,  as  from  a  centre,  the  remote  end 
is  always  a  north  pole.  And,  in  general,  the  end  of  any 
oblong  piece  of  iron  which  is  nearest  to  the  pole  of  a  magnet 
becomes  a  pole  of  the  opposite  name,  while  tlie  remote  end 
becomes  a  pole  of  the  same  name  with  that  of  the  magnet. 

If  the  iron  rod  be  held  perpendicularly  to  the  axis,  with 
its  middle  very  near  the  north  pole  of  the  magnet,  the  twQ 
extremities  of  the  iron  become  north  poles,  and  the  mid  'c 
is  a  south  pole. 

If  the  north  pole  of  a  magnet  be  held  pcrpendiculat  to 
the  centre  of  a  round  iron  plate,  and  very  near  it,  this  plate 
will  have  a  south  pole  in  its  centre,  and  every  part  of  its 
circumference  will  have  the  virtue  of  a  north  pole. 

If  the  plate  be  shaped  with  points  tike  a  star,  each  of  these 
pmnts  will  be  a  very  distinct  and  vigorous  north  pole. 

Something  like  this  will  be  observed  in  a  piece  of  iron  of 
any  irregular  shape.  The  part  immediately  adjoining  to 
the  north  pole  of  the  magnet  will  have  the  virtue  of  a  south 
pole,  and  all  the  remote  protuberances  will  be  north  poles. 

The  notion  naturally  suggested  by  these  appearances  is, 
that  the  virtue  of  a  north  pole  seems  to  reside  in  something 
that  is  moveable,  and  that  it  is  protruded  by  the  north  pole 
of  the  magnet  toward  the  remote  parts  of  the  iron ;  and  is 
thus  constipated  in  all  the  remote  edges,  points,  and  protu- 
beruices,  much  in  the  same  manner  as  electricity  is  observed 
to  be  protruded  to  the  remote  parts  and  protuberances  of  a 
conducting  body  by  the  presence  of  an  overcharged  body. 
This  notion  will  greatly  assist  the  imagination ;  and  its  con* 
sequences  very  much  resemble  what  we  observe. 

As  a  farther  mark  of  the  complete  communication  of 
every  magnetic  power  by  mere  vicinity  to  a  magnet,  we  may 
here  observe,  that  the  mre  D  of  Plate  III.  fig.  7.  No  S,  and 
S^  will  support  another  wire,  and  this  another ;  and  so  on, 
to  a  number  depending  on  the  strength  of  the  magnet.  The 
key  has  therefore  become  a  true  magnet  in  every  respect ; 
for  it  induces  complete  magnetism  on  the  appended  wire. 
That  this  is  not  the  same  operation  of  the  great  magnet  (at 
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least  not  wholly  so),  appears  by  examining  the  magn^tuof 
of  D  with  the  needle,  which  will  be  seen  to  be  more  id-' 
fluenced  by  D  than  by  A.  This  fact  has  been  long  known. 
The  ancients  speak  of  it :  They  observe^  that  a  loadstone 
causes  an  iron  ring  to  carry  another  ring,  and  that  H  thixd ; 
and  so  on,  till  the  string  of  rings  appears  like  il  chain. 

274.  What  has  now  been  said  will  explain  a  seeming  ex- 
ception to  the  universality  of  the  proportion.  If  the  key 
be  held  in  the  situation  and  position  represented  in  Plate 
III.  fig.  10.  the  bit  of  wire  will  not  be  attracted  by  it;  and 
we  may  imagine  that  it  has  acquired  no  magnetism :  But  if 
we  bring  a  mariner's  needle,  or  a  bit  of  wire,  near  to  its  re- 
mote end  B,  it  will  be  strongly  attracted,  and  shew  B  to  be 
a  north  pole.  The  needle  held  near  to  C  will  also  shew  C 
to  be  a  south  pole.  Also,  if  held  near  to  D,  it  will  shew  D 
to  be  a  north  pole.  Now  the  ends  C,  both  of  the  key  and 
of  the  wire,  being  south  poles,  they  cannot  attract  each  othef, 
but,  on  the  contrary,  they  will  repel ;  and  therefore  the  wixe 
will  not  adhere  to  the  key.  And  if  the  key  c^  Plate  III^ 
fig.  7.  No  4.  with  the  wire  hanging  to  it,  be  graduaUy  car- 
ried outward^  beyond  the  north  pole  of  the  magnet,  and 
then  brought  down  till  its  lower  end  be  level  with  the  pde^ 
the  wire  will  drop  off. 

There  is,  however,  one  e)cception  to  the  proposition.    If 
the  key  in  Plate^  III.  fig.  7.  with  its  appending  wire  D,  hf 
gradually  carried  from  any  of  the  situations  8,  3,  4,  or  Sj 
tow2frd  the  middle  of  the  magnet,  the  wire  will  drop  off 
whenever  it  arrives  very  near  the  middle.     If  we  suppose  i 
plane  to  pass  through  the  magnetic  centre  A,  pependicular 
to  the  axis  (which  plane  is  very  properly  called  the  magnetic 
equatorial  plane  by  Gilbert),  a  slender  piece  of  iron,  held 
any  where  in  this  plane,  acquires  no  sensible  magnetism. 
It  gives  no  indication  of  any  polarity,  and  it  is  not  aitrmUd 
btf  the  magnet.     It  is  well  known,  that  the  activity  of  a  loid- 
stone  or  magnet  resides  chiefly  in  two  parts  of  it,  whidi 
have  been  called  its  poles ;  and  that  those  are  the  best  mag- 
nets or  loadstones  in  which  this  activity  b  least  diffused: 
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and  (hat  a  certain  circumference  of  every  loadstone  or  mag- 
net is  wholly  inactive.  When  a  loadstone  or  magnet  of  any 
shape  is  laid  among  iron  filings,  it  collects  them  on  two  parts 
only  ot  iu  surface,  and  between  these  there  is  a  space  all 
round,  to  which  do  filings  attach  themselves. 

We  presume  that  (he  reader  already  explains  this  appear- 
ance to  himself.  Many  tilings  shew  a  contrariety  of  action 
of  the  two  poles  of  a  magnet.  We  have  already  observed  thai 
the  north  pole  of  a  strong  magnet  will  produce  a  strong 
northern  polarity  in  the  remote  md  of  a  small  steel  bar; 
and,  if  it  be  then  applied  near  to  that  end  in  the  opposite 
dircclion,  it  will  destroy  this  polarity.  In  whatever  these  ac- 
tiom  may  consist,  there  is  something  not  only  diifercntbut 
i^posite.  They  do  not  blend  their  eifccis,  as  the  yellow  and 
blue  making  rays  du  in  producing  green.  They  oppose  each 
other,  like  mcchanltal  pressures  or  impulsions.  We  have 
every  mark  of  mechanical  acliuu  ;  we  have  local  motion, 
thou(^  uiuecn,  except  in  ihe  gradual  progression  of  the  mag- 
nelical  (aculticR  alujig  the  bar  ;  but  we  have  it  distinctly  in 
ihe  ultimate  efi'ect,  the  approach  or  recess  of  the  magnets  : 
and  in  tliese  phenomena  we  see  plainly,  that  the  forces  in 
producing  their  efiects,  act  in  opposite  directions-  What- 
ever th«  internal  invisible  motions  may  be,  they  ore  conu 
posed  of  motione  whose  equivalents  are  the  same  with  the 
equivalents  of  the  ultimate,  external,  sensible  motions ;  ihere- 
fan  the  internal  motions  are  opposite  and  equal  if  the  sen- 
sible motions  are  so,  and  conversely. 

Adopting  this  principle,  therefore,  that  the  actions  of  the 
tvo  pales  are  not  only  ditferent  but  opposite,  it  foUovrs,  that 
if  tliey  are  also  equal  and  act  similaity,  each  must prevnit 
the  action  of  the  other ;  and  that  there  will  be  a  mechanical 
cqailibfium— it  may  even  be  called  a  magnetical  equilibri- 

kiiin.  Thereforeifeverypartofa  slender  rod,  or  of  a  thin  plate 
t(iron,  lie  in  t)ie  plane  of  the  magnetic  equator,  the  magoe- 
te  state  (in  whatever  it  may  consist)  cannot  be  produced  in 
^  It  will  exhibit  no  magnetism ;  have  no  polar  faculties  : 
•nd  we  can  see  no  reason  why  it  should  be  attracted  by  the 
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magnet,  or  should  attract  iron.  We  must  not  forget  to  ob 
ser\'c  in  this  place,  that  iron  in  a  state  of  incmdeaeenoe  9f> 
quires  no  magnetism  by  juxtaposiUon.  We  hove  already  re- 
marked,  that  iron  in  this  state  does  not  affect  the  magnet. 
If  a  bar  of  red  hot  iron  be  set  near  a  mariner  i  needle,  it 
does  not  affect  it  in  the  smallest  degree  till  it  almoit  ceases 
to  appear  red  hot  in  day  light,  as  has  been  ohieried  by  Dr. 
Gilbert  All  actions  that  we  know  are  aooompaiued  by 
equal  and  opposite  re-actions ;  and  we  shooU  expect,  what 
rc^ly  happens  in  the  present  case,  namely,  that  red  hot  iron 
should  not  be  rendered  magnetical  and  attractable. 

There  is  a  very  remarkable  circumstance  which  aooompanies 
the  whole  of  this  communication  of  magnetism  to  a  piece  of 
iron.  It  does  not  impair  the  power  of  the  magnet;  but,' on 
the  contrary,  improves  it.  This  fact  was  observed,  and  pat^ 
ticularly  attended  to,  by  Dr.  Gilbert  He  remarks,  that  a 
magnet,  in  the  hands  of  a  judicious  philosopher,  may  be 
made  to  impart  more  magnetism  than  it  possesses  to  eadi  cf 
ten  thousand  bars  of  steel,  and  that  it  will  be  more  vigDniui 
than  when  the  operations  began.  A  magnet  (says  be)  may 
be  spoiled  by  injudicious  treatment  with  other  magnets,  but 
never  can  touch  a  piece  of  common  iron  without  being  im- 
proved by  it.  He  gives  a  more  direct  proof.  Let  a  magnet 
carry  as  heavy  a  lump  of  iron  as  possible  by  its  lower  pole. 
Bring  a  great  lump  of  iron  close  to  its  upper  pole,  and  it  will 
now  carry  more.  Let  it  be  loaded  with  as  much  as  it  can 
carry  while  the  lump  of  iron  touches  its  upper  pole.  Remove 
this  lump,  and  the  load  will  instantly  drop  off.  But  the  fiJ- 
lowing  experiment  shews  this  truth  in  the  most  oonTindng 
manner : 

Let  NAS  (Plate  III.  fig.  11.)  be  a  magnet,  not  very  laige 
nor  of  extreme  hardness.  Let  CD  be  a  strong  iron  wirc^ 
hanging  perpendicularly  from  a  hook  by  a  short  thread  or 
loop.  The  magnet,  by  its  action  on  CD,  renders  D  anortb 
pole  and  C  a  south  pole,  and  the  polarity  of  lys  magnetism 
*its  it  for  being  attracted.  Let  it  assume  the  position  C «, 
-nd  let  this  be  very  carefully  marked.     Now  brixig  a  grMi 


Iwir  of  iron  «  B  n  near  lo  ihe  other  end  of  tlii>  mngncl.  We 
&hall  iiistantly  perceive  the  wire  C  t  opjiroath  to  the  south 
pole  of  the  ma^ict,  taking  a  position  C  /  AVitliilraiv  the 
tar  of  iron,  and  C  /"will  fall  back  into  the  posilion  0  e.  As 
we  bring  the  iron  bar  gradually  nearer  lo  thf  magnet,  the 
wire  will  deviate  farther  from  the  perpendicular,  and  when 
the  bar  B  touches  the  magnet,  CD  will  start  a  great  way 
forward.  It  is  also  farther  to  be  observed,  ihat  the  larger 
the  bar  of  iron  is,  the  more  will  CD  deviate  from  the  per- 
pendicular. 

Now  this  must  be  ascribed  lo  the  action  of  the  bar  on  the 
magnet.  For  if  the  magnet  be  removed,  the  bar  alone  will 
nakt  no  sensible  change  on  the  position  of  the  wire.  We 
know  that  ihc  bar  of  iron  Itccomes  roagnetical  by  the  vicinily 
of  Ihe  lUftgiiet.  If  we  doubt  this,  we  need  only  cxnmine  it  by 
means  of  a  piece  of  iron  or  a  mariner's  nee<lle.  This  will 
shew  us  that  s  has  become  a  south,  and  n  a.  nortli  pole. 
Here  then  arc  two  magnets  with  their  dissimilar  poles  front- 
ing each  other,  In  conformity  with  ihewhole  train  of  mag- 
netical  phenomena,  we  mu&t  conclude  that  they  attract  each 
other,  and  must  improve  each  other's  magnctLsm. 

876.  This  is  a  most  important  circumstance  in  the  theory 
of  iDiignetlsm.  For  it  shews  us,  that,  in  rendering  a  piece 
of  iron  magnetic,  there  is  no  material  communication.  There 
is  no  indication  of  the  transference  of  any  substance  residing 
in  the  magnet  into  tlie  piece  of  iron ;  nor  is  there  even  any 
transference  of  a  jxiwer  or  quality.  Were  this  the  cose,  or 
if  the  substance  or  quality  which  was  in  A  be  now  transfer- 
ftd  to  B,  it  can  no  longer  be  in  A ;  and  therefore  the  phe- 
nomena resulting  from  its  presence  and  agency  must  be  di- 
mimshed.  We  must  say  that  tlie  magnet  has  excited  powers 
rent,  but  dormant,  in  the  iron  ;  or  is,  at  least,  the  oc- 
a  of  this  excitement,  by  disturbing,  in  some  adequate 
■,  the  primitive  condition  of  the  iron.  We  must  also 
y  that  the  competency  of  the  magnet  and  of  the  iron  lo 
e  the  phenomena,  is  owing  to  the  same  circumstances 
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a   h*  juajT  fi  v\xtu     "inn 

^m\  "/ymr^sni'asn  %/  iit'.Tirrmiu  nut 
Imi  j«fn#  n  ^hift  ,nA4pe;i«m  imv  nhfTpnt  in.  the  inn.    Tbe 

'I'li'^tfii  .»  ^:v4»r^nr^.  aft  uiar^  a  JAiiietfaiiyins|iBBeaf  iraOy 
*;iu<-;i  ^nm  ^AjfJie^A  vxciPSuXOi^  .a  ^^^'^'^^  P"*  of  iraOt  so 
»3>^  ,4  4r»iitu^ing  »n  tiut  £ru:  vfaicfa.  r^Mif  wiflHpg  in  the 

^7  /f  may  lArVM  he  ^ftui  that  ic  u  not  ft  picoe  of  iroOt 
^*i«t  m  tt\itf\u/tx'x  rirerli#i:,  or  magiieU  that  ia  thns  Greeted  bj 
^i^if  ir^rfi  r/iA^nrtiu'rl  hy  vicinity  to  a  magneL  This  bfajeo- 
Un%%  f«  f /fvnf «i«:f/r|y  rrniovcd  by  the  most  curious  of  alltlie 
f4/M  tvlfuli  fitfMt  in  tiiiji  manner  of  produong  magnedsiii. 
I  fiku  M  |iii-//'  of  r/irariioii  iron,  fa&hion  it,  and  fit  it  up  pre- 
iii<t/  like  A  rn/ir)rior\  needle,  and  carefully  avoid  ererj 
ImhIiimiiI.  tliMt  run  make  it  magnetical.  Set  it  on  its  pivoC, 
Mini  liriiiK  It  firur  the  north  ])ole  of  a  magnet,  placing  tbe 
t>iMl,  iiiiidr  hki:  ihe  south  pile  of  tb^  needle,  next  to  the 
iiiiilh  |Hilr  of  the  mngnct.  In  short,  place  it  by  band  ex* 
nillv  (i»  II  n*ul  ninrinorV  needle  would  arrange  itself.  It 
will  irlitiii  that  iMisition.  Now  carry  it  round  the  magnet, 
nliiiilS  llir  riu-iimlm*ncc  of  a  magnetic  curve,  or  in  any  le- 
MuUi  Hiul  mniimious  route.  This  piece  of  iron  will,  in  ; 
v\v\\  ^iintition,  jivMiino  the  very  same  position  oratdtude  i 
wliuli  till*  mm!  nu^nctical  neeille  would  assume  if  in  the  ^ 
■tiiiu'  |«UiV,  iiiul  It  will  ivsiMlUte  prtxrisely  in  the  same  way.     | 

\\\'w  ilu'ii  It  <N  pUiii,  ilut  thcrvunodistincUcmof  power  I 
tviv^wti  i!ic  iiu^tictiMu  of  :hc  urvu  and  of  tbe  real  needle  j 
l\»  i\'iM^»ivu'  i!ic  (>r\vf :  Iiutciid  of  ^prooching  ^h^  magnet 
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Willi  this  iron  needle,  bring  it  into  the  vicinity  of  a  piece  of 
iron,  which  is  itself  magnetical  only  by  vicinity  lo  a  magnet, 
it  will  arrange  itself  just  as  the  rral  needle  would  do,  willi 
the  sole  diSerence,  that  it  does  not  indicate  the  h'nJ  of  po- 
larity existing  in  the  extremities  of  the  iron,  btcaiise  eitlicr 
end  of  it  will  be  attracted  by  ihcm.  And  this  circumstance 
lends  us  to  the  consideration  uf  the  only  disLinction  between 
the  magneliamofa  loadstone  or  magnet,  nod  that  of  common 
iron. 

278.  The  magnetism  of  common  iron  is  momentary,  and 
B^«reture  indifferent ;  whereas  that  of  a  magnet  is  perma- 
^Ht*t  and  determinate.    When  iran  becomes  magnetic  in  the 
^^■■y  now  mentioned,  it  remains  so  only  while  the  magnet 
^^■BiURs  in  its  place ;  and  when  that  is  removed,  the  iron  ex- 
^^Bbils  no  signs  of  magnetisnL     Therefore  when  the  north 
B^pole  of  a  magnet  has  produced  a  sooth  pole  in  the  neare5t 
end  of  an  iron  wire,  and  a  north  pole  ai  its  remote  end,  if 
we  turn  the  magnet,  and  present  its  south  pole,  the  neafest 
end  of  the  wire  instantly  becomes  a  north  pole,  and  the 
other  a  south  pole;  and  this  change  may  be  made  as  often, 
and  as  rapidly,  as  wc  please.     This  is  the  reason  which 
made  us  direct  the  experimenter  on  the  iron  needle  to  be- 
gin bis  operation,  by  plating  the  end  marked  for  a  south 
pole  next  to  tlic  north  pole  of  the  magnet.  It  becomes  a  real 
iDulh  pole  in  an  instant,  and  acts  as  such  during  its  peri- 
gnmbon  round  the  magnet.     But  in  any  one  of  its  situa- 
tiottt,  if  we  turn  it  half  round  with  the  finger,  the  end  whitli 
fonnerly  turned  away  from  a  pole  of  the  magnet,  will  now 
turn  as  vigorously  toward  it.     Therefore,  in  carrying  the 
a  needle  round  the  magnet,  we  directed  the  progress  to 
t  made  in  a  continuous  hne,  to  avoid  all  chance  ofniis- 

;  the  polarities. 

^S7ft  For  all  the  reasons  now  adduced,  we  think  ourselves 

d  to  say,  that  the  magnetism  produced  on  common  iron 

« juxtaposition  to  a  magnet,  is  generated  without  any 

a(i<m  of  substance  or  faculty.     The  power  of  pro- 

l  magnetical  phenomena  is   not  shared  betwcn  the 
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magnet  and  the  iron.  We  shall  call  it  iksucep  XAGKXTiflM  i 

MAGNETISM  BY  INDUCTION. 

We  have  said  that  induced  magnetbni  of  eommon  iron 
is  quite  momentary.  This  must  be  understood  with  oireftil 
limitations.  It  is  strictly  true  only  in  the  case  of  the  finest 
and  purest  soft  iron,  free  of  ail, knots  and  hard  rtioB,  and 
therefore  in  its  most  metallic  state.  Iron  is  rarely  found  in 
Restate  so  verypure  and  metallic;  and  eren  thia  iron  will 
acquire  permanent  and  determinate  magnetism  by  indue- 
tion,  if  it  has  been  twisted  or  hammered  violently,  although 
not  in  the  magnetic  direction ;  also  the  changes  produced 
(we  imagine)  on  the  purest  iron  by  the  action  of  the  atmc^ 
sphere  nudcc  it  susceptible  of  fixed  magnetism.  But  the 
magnetism  thus  inducible  on  good  iron  is  scavoely  sensible, 
and  of  no  duration,  unless  it  has  lain  in  the  nei^Uxnirhood 
of  a  magnet  for  a  very  long  while. 

What  has  noir  been  said  of  common  iron,  is  also  true  of 
it  when  in  the  state  of  soft  steel. 

880.  But  any  degree  oftemper  that  is  given  to  steel  makes 

a  very  important  change  in  this  respect.  In  the  first  plaoe^ 
it  ocqu'urcs  magnetism  more  slowly  by  induction  than  an 
equal  and  similar  piece  of  common  iron,  and  finally  acquires 
less.  These  differences  are  easily  examined  by  the  deria* 
tions  wliich  it  causes  in  the  mariner'*s  needle  from  the  mag- 
netic meridian,  and  bv  its  attraction. 

When  the  inducing  magnet  is  removed,  some  magnetum 
remidns  in  the  steel  bar,  which  retmns.the  polarity  which  it 
Imd  in  the  neighbourhooil  of  tlie  magnet 

Steel  tempered  to  the  degree  fit  for  watch  springs  acquncs 
a  strong  magnetism,  which  it  exhibits  immediately  on  tbeie- 
niovol  of  the  magnet  But  it  dis^pates  very  fast ;  and,  iB 
a  very  few  minutes,  it  is  reduced  to  less  than  one  half  of  its 
intensity  while  in  eontact  with  the  magnet,  and  not  two4brds 
of  what  it  was  immediately  on  removal  from  it.  It  oootinuei 
to  di^ipate  for  s<>me  days,  though  the  bar  be  kept  with  ciie^ 
but  the  dissipation  diminishes  fast,  and  it  retains  at  least 
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'ttiiid  of  its  greatest  power  for  any  tengtli  of  tiaie,  unless 
carelessly  kept  or  injudiciously  treated. 

Steel  tempered  for  strong  cutting  tools,  such  as  chisels, 
punches,  and  drilU  fur  metal,  acquires  magnetism  still  more 
slowly  by  induction,  and  acquires  less  of  it  while  in  conlac-t 
with  the  magnet  i  but  it  retains  it  more  lirmly,  and  finally 
retains  a  greater  proportion  of  what  it  had  acquired. 

Steel  made  as  hard  as  possible,  is  much  longer  in  acqtiiN 
ing  all  the  magnetism  which  simple  juxtaposition  can  give 
to  it.  It  acquires  less  ihun  tlie  former ;  but  it  retama  it 
with  great  firmness,  and  finally  retains  a  much  greater  pro- 
portion. 

Such  ores  of  iron  as  arc  susceptible  of  magnetism,  are 
nearly  like  bard  steel  in  these  respects  ;  that  is,  in  the  time 
necessary  for  tiitir  grtaUil  impregnation,  and  in  the  durabili> 
ty  of  the  acquired  magnetism.  They  differ  exceedingly  in  re- 
spect to  the  degree  of  power  whieh  they  can  attain  by  mere 
juxUpontion,  and  the  varieties  seem  to  depend  on  hetercge- 
neoua  mixture.  VVemust  observe,  that  few  ores  of  ironare  sus- 
ceptible of  magnetism  in  their  natural  stale.  The  ordinary 
ores,  consisting  of  the  metal  in  the  slate  of  an  oxyd,  and  com- 
toned  with  sulphur,  are  not  magnetizable  while  remaining 
ia  that  stale.  Most  ores  require  roasting,  and  a  sort  of  cemen- 
tation, in  contact  with  inflammable  substances.  This  matter  i 
not  well  understood  ;  but  it  would  seem  that  complete  me- 
ijlliiation  is  far  from  being  the  moat  favourable  condition, 
1  that  a  certain  degree  of  oxydatiou,  and  perhaps  some 
T  composition,  yet  unknown,  make  the  best  loadstones. 
t  aU  this  is  extremely  obscure.  The  late  Dr.  Gowiu 
rht  made  a  composiiion  which  acquired  a  very  strong 
L  permanent  magnetism,  hut  the  secret  died  with  him. 
t.  G'dbert  speaks  of  similar  compositions,  in  which  ferru- 
i  clays  were  ingredients;  but  we  know  nothing  of 
«of  the  metal  in  them,  nor  llieir  mode  of  acquiring 
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281.  It  is  of  peculiar  importance  to  reaark  that  the  ac- 
quisition of  magnetism  is  gradual  and  progressTe,  and  ^t 
tbe  gradation  b  the  more  percepdble  in  proportion  wBihe 
steel  is  of  a  harder  temper.  IThen  a  magnet  is  faroogbt  to 
one  end  of  a  bar  of  common  iron,  its  remote  cxtreuikj,  un- 
less exceedingly  long,  acquires  its  utmoat  ftiq^iietism  knme- 
diatelj.  But  when  the  north  pole  of  a  magnet  is  applied 
to  one  end  of  a  bar  of  hard  steel,  the  part  in  contlwt  iome- 
diately  becomes  a  south  pole,  and  the  far  end  is  not  jet  tf- 
fected.  We  observe  a  north  pole  formed  at  aooie  distance 
from  the  contact,  and  beyond  this  a  faint  south  pola  These 
gradually  advance  along  the  bar.  The  remote  extremity 
becomes  first  a  fsunt  south  pole,  and  it  is  not  tiD  after  a  very 
long  while  (if  ever)  that  it  becomes  a  nmple^  vigorous,  north 
pole.  More  frequently  it  remuns  a  dlAtted  and  feeble 
north  pole:  nay,  if  the  bar  be  vety  long,  it  often  happens 
that  we  have  a  succession  of  north  and  soudi  poles,  whidi 
never  make  their  way  to  the  &r  end  c^  the  bar  Thisphe- 
nomenon  was  first  observed  (we  think)  by  Dr.  Brook  Tajr* 
knr,  who  gives  an  account  of  his  observations  in  the  PIAmo- 
pkical  TramacHoiUy  No.  344. 

282.  From  the  account  we  have  given  c^  these  phenomeiu 
of  induced  magnetism,  it  appears  that  the  temporary  mag- 
netism is  always  so  disposed  that  the  sum  of  the  mutual  at- 
tractions of  the  dissimilar  poles  exceeds  the  sum  of  the  n- 
pulsions  between  the  similar  poles,  and  that  therefore  tbe 
two  magnets  tend  to  each  other.     This  is  evidently  equifi- 
lent  to  saying,  that  a  piece  of  unmagnetic  iron  is  always  at- 
tracted bv  a  magnetic.    No  exception  has  ever  been  obssf- 
ed  to  this  fact ;  for  Pliny's  story  of  a  Tfaeamedes,  or  loid* 
stone,  which  repels  iron,  is  allowed  by  all  to  have  beoi  t 
fable. 

We  think  ourselves  authorised  to  say  that  this  attnctiflfl 
of  the  loadstone  for  iron,  or  this  tendency  of  iron  to  tbeloai* 
6tone,  is  a  secondary  phenomenon,  and  b  the  coHstquaet  of 
the  proper  disposition  of  the  induced  magnetism.  The  ppwA 
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■Ireftd/  giTen  of  the  compound  nature  of  this  phenonaenon, 
\y,  that  it  arises  from  the  excess  of  two  attractions  above 
repulsions,  need  (we  imagine)  no  addition.      But  the 
lowing  considerations  place  the  matter  beyond  doubt. 
I.  The  magnetism  of  the  two  poles  is  etidenlly  of  an  op- 
ile  nature ;  the  one  repelling  what  the  other  attracts.   If 
one  attracts  iron,  therefore,  the  other  should  repel  it. 
But  each  pole,  by  inducing  a  magnetism  opposite  to  its  own, 
on  the  nearest  end  of  the  iron,  and  the  same  with  its  own 
on  the  remote  end,  and  its  action  diminishing  with  an  increase 
of  distance,  there  must  always  bean  excess  of  attraction,  and 
the  iron  must  be  attracted. 
^m   .3.  Each  ofthcmagnets  A  and  B,  in  eitherofthepositions 
^■Kiresented  in  Plate  III.  6g.  12;  would  alone  attract  the 
H|Mce  of  common  iron  C.      But  when  placed  together,  the 
^Tttuth  pole  of  A  tends  to  render  the  upper  end  of  C  a  north 
pole  ;  vhilc  the  north  pole  of  B  tends  to  make  it  a  south 
pole.     If  their  actions  be  nearly  equal,  the  weight  of  C  can- 
not be  supported  by  the  magnetism  induced  by  any  differ- 
ence of  action  that  may  remain.     While  C  is  hanging  by  B 
alone,  let  A  be  gradually  brought  near ;  it  gradually  de^ 
Aroys  the  action  of  the  north  pole  of  B,  so  that  C  gradually 
bses  its  magnetism  and  |>olanty,  and  its  weight  prevails. 

3.  In  all  those  cases  where  thi?  induction  uf  magnetbm  is 
dow,  the  attraction  is  weak  in  proportion.  This  is  particu- 
huiy  remarked  by  Dr.  Gilbert.  If  we  take  pieces  of  common 
iron,  and  of  steel  of  different  tempers,  but  all  of  the  same 
size  and  form,  we  shall  find  that  the  iron  is  much  more  strong- 
ly attracted  than  any  of  the  rest,  and  that  the  attraction 
for  each  of  them  is  weaker  in  proportion  as  they  are  harder. 
This  diversity  is  so  accurately  observed,  that  when  the  piece 
is  thoroughly  susceptible  of  m^^etism,  we  can  tell,  with  cbn- 
sderable  precision,  what  degree  wilt  be  ultimately  acquired, 
Bod  how  mucli  will  be  finally  retained.  Also,  the  attrac- 
tion of  the  magnet  for  any  of  those  pieces  of  steel  increases 
proportion  as  xhtai  acquired  mi^etism  iocreaHs. 
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4.  An  ore  of  iron  incapable  of  acquiring  magnetism  in 
not  attracted  by  a  magnet.  But  we  know  that,  by  cemen- 
tation with  charcoal  dust,  they  may  be  rendered  sysceptiUe 
of  magnetism.  In  this  state  they  are  attracted.  It  is  an 
universal  fact,  tliat  any  substance  that  is  attracted  by  a  mag- 
net may  be  rendered  magnetical,  and  that  none  else  can. 
We  have  already  observed  that  red  hot  iron  is  not  attract- 
ed ;  nor  does  it  acquire  any  directive  power  while  in  that 
state.  From  all  this  we  must  conclude,  that  the  previous 
induction  of  magnetism  is  the  mean  of  the  observed  attrac- 
tion of  magnets  for  iroui  and  that  this  b  not  a  primary  fact 
in  magnetism. 

These  observations  also  complete  the  proof  that  magne- 
tic attraction  and  repulsion  are  equal  at  the  same  distance, 
and  follow  the  same  law.     Dr.  Gilbert  seems  to  think,  that 
the  repuluon  is  always  weaker  than  the  attraction  ;  and  this 
is  almost  the  only  mistake  in  conception  into  which  that  ex- 
cellent philosopher  has  fallen.      But  it  only  requires  a  fur 
comparison  of  facts  to  convince  a  good  logician,  that  ance, 
in  even/  casCy  and  at  every  distance,  either  pole  of  a  magnet 
attracts  either  end  of  a  piece  of  common  iron,  it  is  impossible 
tliat  one  of  these  forces  can  exceed  the  other.     It  might  be 
so,  were  it  not  that  induced  magnetism  is  durable  in  proper 
substances.    And  if  we  take  magnets  which  have  been  made 
such  by  induction,  and  present  them  to  each  other  with  their 
similar  poles  fronting  each  other,  they  never  fiul  to  repd 
each  other  at  considerable  distances,  and  even  at  very  smaD 
distances  for  a  few  moments  ;  and  this  is  the  case  whidi 
ever  poles  are  next  each  other.   This  cannot  be  (»  any  other 
sujqposition.     Cases  would  occur  of  polarity  without  attnc- 
tion,  or  of  attraction  without  polarity.  Such  have  never  beoi 
seen,  any  more  than  the  Theamedes,  always  repelling  iroo. 

2S3.  Let  a  great  number  of  small  oblong  pieces  of  iron 
be  lying  very  near  each  other  on  the  surface  of  quickalver. 
Bring  a  strong  magnet  into  the  midst  of  them.  It  imme- 
diately renders  them  all  magnetical  by  induction.    The  one 
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txarest  tlie  north  pole  of  the  magnet  immediately  turns  one 
end  toward  it,  and  the  other  end  away  from  it.  The  same 
effect  is  produced  on  the  one  that  is  just  beyond  this  near- 
est one.  Thus  the  remote  end  of  the  first  becomes  a  norlli 
pole,  and  the  nearest  end  of  tlic  second  becomes  a  south  pole 
These,  being  very  near  each  otlicr,  must  mutually  attract. 
The  same  thing  may  be  said  of  a.  thud,  a  fourth ;  and  so  on. 
And  thus  it  appears,  that  not  only  is  magnetism  induced  on 
them  all,  but  also,  thai  the  magnetism  of  each  is  so  disposci), 
tliat  both  ends  of  it  are  in  a  state  of  attraction  for  the  enilii 
ofsume  of  its  neighbours  i  and  that  tlicy  will  therefore  ar- 
nnge  themselves  by  coalcsw.'ncc  in  some  particular  niannei'. 
Sboiild  a  parcel  of  them  chance  lobe  standing  with  theii' 
litres  in  a  magnetic  curve,  with  their  heads  and  points 

mcd  in  any  ways  whatever,  the  moment  that  the  magnL't 

night  among  them,  and  set  in  the  axis  of  that  magne- 

It  curve,  the  whole  pieces  of  tills  row  will  instantly  turn 

pwards  each  other,  and  their  ends  w'dl  adhere  together,  if 

ley  are  near  enough ;  otherwise  they  will  only  point  to- 

ward  each  other,  forming  a, set  of  tangents  to  the  magnelic 

corve,  reaching  from  one  pole  of  the  magnet  to  the  other. 

Or,  suppose  a  vast  number  of  small  bits  of  iron,  eai:ii 
■liaped  hLe  a  grain  of  barley,  a  little  oblong.  Let  them  be 
Kaliered  over  the  surface  of  a  table,  so  near  each  other  as 
jtut  to  have  room  to  turn  round  Let  a  magnet  be  placed 
in  tlie  midst  of  ihcm.  They  will  all  have  magnetism  in- 
duced on  them  in  on  instant ;  and  such  as  are  not  already 
touching  others,  will  turn  round  (because  they  rest  on  the 
tj^le  by  one  point  only),  and  each  will  turn  its  ends  to  tlie 
ends  of  its  neighbours ;  and  thus  they  will  arrange  theni* 
selves  in  curves,  wiiicb  will  not  differ  greatly  from  true  mag- 
netic curves  (because  each  grain  is  very  short),  issuing  from 
one  pole  of  tlie  magnet,  and  terminating  in  the  other. 

Does  not  this  suggest  to  the  reflecting  reader  an  explana- 
tion ofthat  curious  arrangement  of  iron  filings  round  amag- 
Bet,  wlucU  lia»  so  long  eaterlaiDed  aad  yutiisd  both  llie  phi- 
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losophers  and  the  tuilearned,  and  which  has  giveb  liae  to 
the  CartefliaD  and  other  theories  of  magiMiaBi  P  The  paiti. 
des  of  iron  filings  are  little  rags  of  aofl  iron  tcmi  idthji^ 
file,  and  generally  a  little  oblofig.  These  wmH  have  oiag- 
nedsDi  induced  on  them  by  a  magnefty  and,  while  ftDing 
through  tlie  air  from  the  hand  that  strews  Aem  about  the 
magnet,  tliey  are  at  perfect  liberty  to  ammge  themsehnes 
Aiagnetically ;  and  naut  Ihtrtfort  to  arroKge  theaudteB^  fimi- 
ing  on  the  table  curves,  which  differ  very  little  indeed  from 
the  true  magnetic  curves.  Suppose  diem  scattered  about 
the  table  before  the  magnet  is  laid  on  it  If  we  pat  the 
table  a  httle,  so  as  to  throw  it  into  tremors^  this  will  allow 
the  particles  to  dance,  and  turn  round  cm  their  points  of  sup- 
pent,  tin  they  coalesce  by  th^  ends  in  the  niminer  already 
dessribed. 

All  this  is  the  genuine  atnd  inevitable  coftsegpence  of  what 
Dr.  Gilbert  has  taught  us  of  induced  magnetism.  It  must 
be  ao;  and  cannot  be  otherwise.  This cmioiia  artw^ement 
of  iron  filings  round  a  magnet  is  therefore  not  a  primary  fret^ 
and  a  foundation  fijr  a  theory,  but  the  resuh  of  pnodfiei 
much  more  general. 

384.  Most  of  our  readers  know  that  this  dEspontiott  of  iron 
filings  has  ^ven  rise  to  the  diief  mechanieal  themies  whicli 
have  been  proposed  by  ingenious  men  for  the  expIanatioD 
of  aU  the  phenomena  of  magnetism.    An  invisible  fluid  hu 
been  supposed  to  circulate  through  the  pores  of  a  magnet, 
running  along  its  axis,  issuing  fit)m  one  pole,  streamiiig 
round  the  magnet,  and  entering  again  by  the  other  pdft 
This  is  thought  to  be  indicated  by  those  lines  fiurmed  by  tk 
filings.     The  stream,  running  also  through  tiem,  or  aronnd 
them,  arranges  them  in  the  direction  of  its  motion,  just  tf 
we  observe  a  stream  of  water  arrange  the  flote  grass  and 
weeds.      It  would  require  a  volume  to  detail  the  dUSsmi 
manners  in  which  those  mechanicians  attempt  to  aciDOunt  for 
the  attraction,  repulsion,  and  polarity  of  magnetic  bodies, 
by  the  mechanical  impulsion  of  this  fluid.     Let  it  suffice  t<> 
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f»y,  that  almost  every  step  of  Iheir  theories  is  in  contradio- 
tion  to  the  acknowledged  laws  of  impulsion.  Nay,  the  whole 
attempt  is  against  the  first  rule  of  all  philosophical  discus- 
sion, never  to  admit  for  an  explanation  of  phenomena  the 
agency  of  any  cause  which  we  do  not  Vnow  to  exist,  and  to 
operate  in  the  very  phenomenon  We  know  of  no  such 
fluid ;  and  we  can  deoionstrate,  that  the  genuine  effects  of 
its  impulsion  would  betouUy  unlike  the  phenomena  of  mig- 
nctism.  But  the  proper  refutation  of  these  theories  would 
fill  volumes.  Let  it  suffice  (and  to  every  logician  it  will 
abundantly  suffice)  to  remark,  that  this  phenomenon  is  but 
a  secondary  fact,  depending  on,  and  resulting  from,  princi- 
ples much  more  general,  viz.  the  induction  of  magneCiim, 
and  the  attraction  of  dissimilar,  and  repulsion  of  similar, 
poles. 

The  above  explanation  of  the  curious  disposition  of  iron 
filings  round  a  m^net,  occurred  to  the  writer  of  this  article 
while  studying  natural  philosophy,  on  seeing  the  Professor 
ediibit  Mr.  Henshaw's  beautiful  experiment  in  proof  of  ter- 
restrial magnetism.  He  at  that  time  imagined  himself  the 
author,  and  promised  himself  some  credit  for  the  thought 
Bm  having  seen  the  Pkysiologia  Nova  dr  Magnate  by  Dr. 
6tlber[,  he  found  that  it  had  not  escapd  the  notice  of  that 
sagacious  philosopher  ;  as  will  appear  past  dispute  from  the 
following  passage,  as  well  as  Home  others,  less  painted  in 
that  work  :  "  Magnetica  frusta  (tliat  is,  substances  suscepti- 
ble of  magnetism)  bene  et  convenienter  intra  \\tes  posita, 
mutuo  cohcerent.  Ferramcnta,  presente  magnete  (eUam^ 
magnetem  non  attingant),  concurrunt,  solicite  se  routU9 
quorunt,  et  amplexantur,  et,  conjuncta,  quasi  ferruminan- 
tur.  Scobs  fcrrea,  vel  in  pulverem  redacta,  fistulis  impost- 
ta  chartaceis— supra  lapidcm  meridionoliter  loc.tta,  vel  pro- 
pius  tantum  admota,  in  unuui  coalescct  corpus ;  et  subilo 
multffi  partes  concrescunt  et  combinantur ;  ferrumque 
lud  sffeotat  eonjuratorum  turma  et  attrahil ;  ac  si  unum 
LtuiD  ct  integrum  esset  ferri  bacillum  ;  dirigiturque  supra 
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Japidem  in  septemtriones  et  meridieiii.  Set  cum  longius  a 
magnete  removeantur  (tanquam  soluta  nirsus)  separantur^ 
et  diffluunC  singula  corpuacula.*    B.  ii.  c.  83. 

Mr.  ^pinua  also  had  taken  the  lame  "view  of  the  sub^ 
jcct.  It  is  also  very  clearly  conceived  and  expressed  by  the 
celebrated  David  Gregory^  SavUian  Pn^esscnr  of  astronomy 
in  the  University  of  Oxford,  in  a  MS.  volume  of  notes  and 
oommentaries,  written  by  him  in  1693,  on  Newton  a  Prind^ 
ptOf  and  used  by  Newton  in  improving  the  second  ecUtion. 

The  MS  is  now  in  the  library  of  the  university  of  £din<* 
burgh.  Gregory ^s  words  are  as  follows:  ^  Mihi  semper 
dubium  visum  est  num  magnetica  virtus  medianicrf^,  t.  e. 
per  impulsum,  producatur.  Mirum  est,  effluvia,  quae  fer« 
rum  agitare  valent,  bracteas  aureas  uUtrponiaM  ne  vd  mini- 
mum a  loco  movere.  Lucretii  et  Cartesii  theoriam,  de  fu- 
gato  intermedio  aere,  refutat  experimentum  infra  aquamin- 
stitutum.  Sulci  in  Umatura  firriy  magneti  m  pUmo  eiguMm 
meridiani  circumposilOf  nmt  fiuni  ab  effluma  seamdum  idoi 
candles  motis,  scd  ex  inde^  quod  ipsa  ramaUOf  magneiicc  eiciita* 
to,  $€se  secundum  longitudinem  ei  aeeundum  polos  ditpommi, 
£x  altera  vcro  parte  exinde  quod  vis  magnetica,  interveni- 
ente  flamma  aut  calore,  interrumpatur;  quod  virgaferrea,  vel 
diuturno  situ  perpendicular!,  vel  in  eo  situ  frigescendo,  virtu* 
temmagneticam  a  tellure  acquirat;  utnos  docet  perspicacissi- 
mus  Gilbertus :  quod  mallei  super  incudem  ictu  forti  ad  alte* 
rum  extremum,  virtutem  acquirat  magneticam ;  quod  ictu 
forti  vel  saltem  fortiori  ad  alterum  extremum  poli  permuten- 
tur,  ut  qui  prius  septemtriones  resprciebat  nunc  austnun 
respiciat ;  quod  ictu  forti  ad  medium,  virtutem  illam  prai^ 
sus  amittat :  haec  inquam  et  similia,  mechanicum  ejus  qualita- 
tis  ortum  arguunt  Hugenius,  prseter  gravitatem,  etiam 
magneticam,  et  electricam  virtutem,  aliasque  plures  experi* 
mento  novit  vires  natu  rales,  ut  mihi  ipsi  narravithac  aestate 
anni  1693.  Qualis  ut  lioec  forsitan  quod  cymba  papyracea^ 
prope  labra  vasis  aquam,  cui  innatct^  continentis,  pofiita»  la> 
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brum  vicinjsslimim  continuo,  el  cum  impetu  petal*.  JVb*. 
MS.  in  Prop.  83.  ii.  Ptia.  IfoT. 

385.  Not  only  the  mere  arrangement  rtP  the  filings  m 
curve  lines  follows  of  neccessily  from  the  properties  of  in- 
duced magnetism,  but  all  the  subordinate  circumstances  of 
this  phenomenon  arc  included  in  the  same  explanation.  By 
continuing  to  tap  (he  table,  and  throw  it  into  tremors,  the 
filings  ore  obser^'ed  to  approach  gradually,  but  very  slowly, 
to  the  poles  of  the  magnet.  Each  particle  is  a  very  small 
temporary  magnet.  The  attractive  power  of  the  great  mag- 
net, m  —p  —  71  —  f ,  is  therefore  extremely  small  in  pro- 
portion to  its  directive  power,  m  +p  —  "  +  ?.  And  wc 
observe  that  the  accumulation  of  the  filings  round  the  poles 
of  the  magnet  is  so  much  the  slower  as  the  filings  are  liner. 

296,  If  a  paper  be  laid  above  the  magnet,  and  the  filings 
be  sprinkled  on  it,  we  obsene  (hem  to  constipate  along  its 
edges,  while  none  remain  immediately  above  its  substance ; 
they  are  all  beyond,  or  on  the  outside  of  its  outline,  and 
tliey  are  observed  not  to  be  lying  flat  on  the  paper,  but 
to  be  standing  obliquely  on  one  point.  They  move  off 
from  the  paper  immediately  above  the  magnet,  because  they 
repfcl  each  other.  They  stand  obliquely  from  the  edges, 
because  that  is  the  direction  of  a  magnetic  meridian  at  its 
parting  from  the  pole.  If  the  magnet  be  at  some  distance 
betow  the  paper,  then  tapping  the  paper  will  cause  the  filings 
to  more  away  from  the  magnet  laterally.  This  singular 
and  unexpected  appearance  is  owing  to  the  combination  of 
gravity  with  the  magnetic  action.  A  particle,  euch  as  n  * 
(Plate  in.  fig.  13.),  rests  on  the  paper  by  the  point  n,  which 
is  a  temporary  north  pole  (S  being  supposed  the  south  pole 
of  the  magnet).  Tiie  parliele  lakes  a  position  n  s  nearer  to 
the  hoiizon  than  the  position  n  o,  which  it  would  take  if  its 

'  Ferbapi  it  ni:i7  be  proprr  lo  obicrve,  Uial  Dr.  Grfgory  nfreutt  hii 
diffuing  iu  hiacpinriio  trom  Nt^wton  about  msgDetiim.  NewloOi  in  IhispropMi- 
tiontliiiiki,  thatllie  Isx  of  magDetic  nctioa  approBchei  to  Ibe  m'crse  Iriplicatr 
rMuofUie  dJiUucci.      Dr.  Gregotj  inrilidates  )be  aigumeyl  tiled  by  Nm- 
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centre  of  gravitj  b  were  supported.  The  poutkm  it  mdi, 
that  its  weight  acting  vertiadly  at  &,  is  in  eqinUfario  widi  the 
magnetic  repuLnontd»  exerted  between  S  ands.  When  the 
p^er  18  tqiped,  it  is  beaten  down»  or  withdrawn  fkomiiy  tad 
thepartideofironisleftforamoiaentintheair.  Ittheicfim 
turns  quickly  round  i,  in  Older  to  assume  apowdoii  panUd  19 
n  (^  and  it  meets  the  paper,  as  that  rises  agpHfta^kev  tlia  sUdUi 

in  a  point  farther  removed  from  the  magpel,  mod  9g»  da- 
soends  by  its  weij^t  (turning  round  the  newly  si^qported 
pcnnt  a),  till  it  again  takes  a  portion  paraM  to  n  J^  bnt  fiv- 
ther  off;  as  represented  by  the  dotted  line.    Thus  it  tnvds 
gradually  outwards  from  the  magnet,  appearing  to  be  re* 
pelled,  idtbough  it  is  really  attracted  by  it    If  the  magnet 
be  held  above  the  paper,  at  a  little  distanoe^  the  filinf^  when 
we  repeatedly  pat  the  pcqier,  gradually  collect  into  a  heap 
under  it.    This  will  appear  very  plainly  U>  one  who  oon»* 
ders  the  situation  of  a  particle  in  the  mamier  now  escplained. 
887.  The  curve  lines  formed  by  very  fine  filings  aiqproach 
very  nearly  to  the  form  of  the  primary  curve  which  indi- 
cates the  law  of  magnetic  action  in  the  way  already  oqalain* 
cd.     If  tlie  magnet  be  placed  under  water,  and  if  fifings  be 
sprinkled  copiously  on  the  surface  of  it  from  a  gauae  s/uxthf 
held  at  some  distance  above  it,  the  resistance  to  their  mo* 
tion  through  the  water  gives  them  time  to  arrange  them- 
selves magnetically  before  they  reach  the  bottom,  and  the 
lines  become  more  accurate.     But  they  were  so  much  de- 
ranged by  any  method  tliat  we  could  take  for  removing  the 
water,  and  measuring  them,  that  we  were  disappointed  in 
our  expectations  of  obtaining  a  very  near  approximation  to 
the  law  of  action. 

2S8.  We  took  notice  of  some  very  singular  pbenooicna 
of  a  compass  needle  in  the  neighbourhood  of  two  magnds, 
and  we  obsen-ed  that,  in  this  case  also,  the  needle  was  al- 
ways a  tangent  to  a  curve  of  another  kind,  and  which  we 
called  sfcondary  and  ctmpound  magnetic  curtts.  These  are 
produced  in  the  same  way,  by  strewing  iron  filings  round 
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IIk  ma^ets.  Many  represenutions  have  been  given  of 
these  curves  by  diSerent  authors,  particulary  by  Muschen- 
faroek,  in  Iiis  Etsau  dc  Piyjt^iie;  and  by  Fuss  in  the  Cma- 
maU.  PclropoUl.  Great  use  has  been  uiade  of  these  ar- 
rangements of  fihngs  by  two  magnets  in  the  theories  of  mag- 
netism proposed  by  those  who  insist  on  explaining  all  mo- 
tion  by  impulse.  When  the  dissimilar  poles  of  two  mag- 
nets A  and  B  (Plate  III.  %.  13.)  face  each  other,  the  curves 
formed  by  the  filings  considerably  resemlJe  those  whifth 
surround  a  single  magnet,  and  give  the  whole  sonaewhot  of 
tlic  appearance  gf  a  magnet  with  very  diffused  poles.  The 
arranging  fluid,  which  streams  from  one  pole  ot'  a  magnet^ 
is  supposed  to  meet  with  no  obstruction  to  its  entry  into  the 
adjinning  pole  of  the  otlicr  magnet,  but,  on  the  contrary, 
to  be  unpelled  into  it ;  and  therefore  (say  the  proposers)  it 
CBcuIates  round  both  as  one  magnet,  and  by  its  vortex 
igB  the  magnets  together  j  which  phenomenon  we  call 
attraction  of  the  magnets.  But  when  the  unular  poles 
front  each  other;  for  example,  the  poles  from  which  the 
arranging  fluid  issues,  tlicn  the  two  streams  meet,  obstruct 
each  other,  accumulate,  and,  by  this  accuinulatioit,  cause 
the  magnets  to  recede  from  each  otlier;  which  we  call  the 
repulsion  of  the  magnets.  This  is  the  only  explanation  of 
this  kind  th.it  can  make  any  pretensions  to  probability,  or 
indeed  that  can  be  cx^nccived.  For  how  the  tree  circula- 
tion in  the  former  case  can  bring  the  two  magnets  together, 
no  person  can  form  to  himself  any  conception.  We  see  no- 
thing like  this  produced  by  any  vortex  that  we  are  ac- 
qaainted  with.  All  such  vortioes  cause  bodies  to  separate. 
But  even  this  explanation  of  magnelic  repulsion  is  inadmis- 
^le.  It  will  not  apply  to  the  repulsion  of  the  receiving 
poles ;  and  the  phenomena  of  the  filings  nro  inconsistent 
with  the  notion  of  accumulation.  The  filings  indeed  accu- 
mulate, and  they  look  not  unlike  two  strcants  which  oppose 
foch  otlier,  and  deflect  to  the  sides  (see  Plate  III.  fig.  H.)  ■■ 


rcucu 
■1*001 


V7£  y-A;; 

3lu%  uciartussLfi'T.  W  tappaasiiK 
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8S9.  Binee  it  it  found,  that  the  mi^gnedsB.  cna  of  bKu- 
ral  laadfltones  and  hard  steel,  and  sdO  ibor  ^mt  ef  soft- 
er tempered  ijtieely  are  ooDtinually  tendiiig  la  dear ;  ^sA 
fcifioe  we  find  that  it  maj  be  induced  br  matwppnmA  to  a 
magfiet;  and  since  ve  know  that  magnets nsj oppose  cacb 
other  in  producing  it--it  is  reasonable  to  ssppoK,  dm  wba 
a  piece  of  iron  has  acquired  a  sfigfat,  tboo^  pennaneBt 
maguetibm,  by  the  vicinity  of  a  magnet,  a  mi^net  app&ed 
in  the  o[)[>usitc  direction  will  destroy  it,  and  afierwaids  pns 
Hucc  the  opposite  magnetism. 

Accordingly,  wc  may  change  the  poles  of  soft  m^^nels  U 
pleasure. 

Fortljcr ;  hince  wc  find  that  loadstones  and  hard  temper- 
I'd  Hteel  bufH  arc  distinguished  from  soft  ones  only  by  the 
dtffrea  of  obstinacy  with  which  they  retain  their  present 
cuiidition,  we  should  also  expect  that  hard  magnets  willereo 
affect  each  other.  It  must  therefore  happen,  that  a  powcp 
fill  magnet  applied  to  a  weak  one,  so  that  their  similar  poles 
are  in  aintacl,  sluiil  weaken,  destroy,  and  even  change  the 
magnetism  of  the  weaker.  Dr.  Knight's  famous  magasine 
of  magnets  enabled  him  to  change  tlie  poles  of  the  greatest 
and  the  strongest  natural  loadstone,  or  artificial  magnet^ 
that  rould  be  given  him,  in  the  space  of  one  minute. 
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290.  We  now  see  clearly  the  reason  why  magnetic  repuU 
tion  is  weaker  than  attraction  at  the  same  distance.  When 
magnets  ore  placed  with  their  similar  poles  fronting  each 
ctber*  in  order  to  make  triak  of  their  repulsion,  they  really 
do  weaken  each  other,  and  are  not  in  the  same  magnetical 
condition  as  before.  For  similar  reasons,  we  see  how  experi- 
ments with  magnets  attracting  each  other  rather  improve 
them,  and  make  their  attractive  powers  appear  greater  than 
they  are.  All  these  effects  must  be  moat  remarkable  in  soft 
magnets,  especially  when  long. 

S91.  We  also  see,  that  the  observed  law  of  attraction 
and  repulsion  between  two  magnets  must  be  different  from 
the  real  law  of  magnetic  action.  For,  in  the  experiments 
made  on  attraction  at  different  distances,  beginning  with  the 
greatest  distance,  the  magnetism  is  continually  increasing, 
and  the  attraction  will  appear  to  increase  in  a  higher  rate 
than  the  just  one :  the  contrary  may  happen,  if  we  begin 
with  the  smaller  distances.  The  results  of  experiments  on 
repulsion  must  be  still  more  erroneous ;  because  it  is  easier 
to  diminish  any  accumulation  which  required  an  exertion  to 
produce  it,  than  to  push  it  still  farther. 

292.  We  have  now  a  complete  explanation  of  the  remark- 
able taetf  that  the  induction  of  magnetism  does  not  weaken 
the  magnet  employed ;  but,  on  the  contrary,  improves  it. 
The  magnetism  induced  on  the  iron  causes  it  to  act  on  the 
magnet  employed  in  the  very  same  manner  that  a  permanent 
magnetof  the  same  shape,  size,  and  strength,  would  do.  Nay, 
it  will  have  even  a  greater  effect ;  for  as  it  improves  the 
magnet,  its  own  induced  magnetisqi  will  improve;  and  will 
therefore  still  farther  improve  the  magnet. 

293.  Hence  it  is,  that,  in  whatever  manner  a  magnet 
touches  a  piece  of  iron,  it  improves  by  it  It  may  be  hurt 
by  a  magnet  in  an  improper  position ;  but  it  always  puts 
tommon  iron  into  a  state  which  increases  its  own  magnet- 
ism.   This  has  been  known  as  long  as  magnetism  itself; 
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$Dd  Uie  ancxBto  oonoaved  die  DOlkay  tbiii  tb0  magiMl  lome- 
liow  fed  upon  die  iron*. 

We  drink  dMt  diese  obserratboBwidionie  us  to  waj,  dat 
in  reducing  a  loadstone  into  a  caanaainAAup^ms  much  m 
poMiUe  of  the  opendon  abould  be  perfbnDed  faj  grakfing 
them  widi  emery,  in  ceTides  made  in  large  blocks  of  Am* 
sierrd  iron.  The  magnetism  indoecd  oo  tbe  iron  moit  be 
&¥mtfable  to  tbe  oonaervation  of  tbai  in  the  hmHunmi ; 
vbicb,  we  aic  persnadcd,  is  npidl  j  dissipnted  by  the  tre- 
mors into  which  this  very  elastic  sobstanoe  is  tbiown  by  the 
grinding  with  coarse  powders  in  any  mould  but  iron.  We 
imagine^  that  the  cutting  off  slices  by  tbe  lapidaries  wheel 
has  tbe  same  bad  effect 

894.  Not  only  will  a  magnet  lift  a  j^noliff  lump  of  iron 
by  its  north  pole,  whan  another  lump  is  applied  to  its  south 
pole,  but  it  will  lift  a  greater  piece  of  iron  fiosa  an   anvil 
than  from  a  wooden  table :  for  the  magnet  indiices  tbe  pio> 
pcrly  disposed  pohuity,  not  only  in  tbe  iran  wluch  it  lift% 
but  also  in  tbe  anvil,  or  any  piece  of  iron  immediately  be- 
yond it.     This  is  so  disposed  as  to  iiwiraaf  tbe  mognetiJBi 
of  the  piece  of  iron  between  them ;  and  tbeiefiare  toincresse 
their  attraction.     The  magnetism  induced  on  the  aofil  is 
also  in  part,  and  perfaiqps  chiefly,  induced  by  the  intcrvenof 
iron.  Theae  experiments  ore  extremely  Tariable  in  their  le- 
sults. — Sometimes  a  small  magnet  will  pull  an  iron  win  finm 
a  large  and  strong  one.     Sometimes  this  will  be  done  eves 


^  So  CUodian.— **  Xan  ferro  nvlrit  vitaai,  fmiqae  Tigore 

Vrscitnr :  boc  dalets  tpaba*  hoc  psbula  novii: 
Hmc  proprias  reoovat  viica:  hioc  foia  per  aitus 
Aspc  ra  secretuoi  serruit  alinrota  v^orcm  : 
Hoc  abs«tite  petit,  trisU  Borlentia  tovpent 
ilembfs  fame,  Tcaas^ve  sitis  oomnait  aperU*.** 
Fiay  aaji,  **  Sula  hsc  materia  ifernim)  vires  ab  co  lapidc  acdpkidiBiltit 
loQgo  tempore,  al.ud  apprebeudeas  fcrram,  at  ammkinia  cateM  sfffii^ 
tntenhiai,  quod  imperitum  vc'cvs  ferram  appellat  Tiniiii. 
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b^  ■  pine  of  unm&gneiic  irou  ;  and  tlie  results  appear  quite 
capricious.  But  tliey  are  accurately  fixed,  depending  on  tile 
induced  compound  maguetism.  Mr.  ^pinus  has  stated 
some  of  the  more  simple  cases,  iu  which  we  can  tell  which 
magnet  shall  prevail.  But  the  unfolding  even  of  these  casi-s 
would  take  a  great  deal  of  room,  and  must  be  omitted 
here.  Besides,  we  are  too  imperfectly  ocquunted  willi  the 
degree  of  magnetism  induced  on  the  various  parts  of  an  iroa 
rod,  and  the  degree  of  magnetism  inherent  La  the  various 
parts  of  the  magnets,  to  be  able  to  say,  will)  certainty,  even 
in  those  simple  cases,  on  which  side  the  superiority  of  at- 
traction will  remain. 

295.   We  may  now  proceed  to  deduce  from  iJiis  theory 
(for  so  it  may  justly  be  called,  since  all  is  reduced  to  one  fact) 
ihe  process  for  communicating  magnetism  to  bodies  fitted 
for  raceiving  and  retaining  it ;  that  is,  the  method  of  making 
artificial  magnets.     We  acknowledge,  that  we  do  not  know 
■    4h«  internal  process  by  wh'ch  magnetism  is  induced,  nor  even 
H^B  what  this  magnetism  amsists.  All  that  we  know  is,  tliat  the 
^nhriaging  the  pole  ol'a  magnet  near  to  any  niagnelisabte  mat- 
ter, produces  a  magnetism  of  the  kind  uppohile  totliat  oflhe 
pole  employed.     We  know  that  this  i^  tlie  case  with  both 
pole»,  and  that  it  obtains  at  all  the  distancL-s  where  luagnet- 
iam  is  observed.     We  know  that  the  action  of  one  |iulc  is 
eoatrary  to  that  of  the  other;  that  is,  it  counteracts  lit  v  other, 
prevents  it  from  producing  iu  effect,  and  destroys  it  when 
ainady  produced:  and  we  know,  that  the  production  of 
then  effects  resembles  in  its  result  the  protrusion  of  some- 
thing fluid  through  tlie  pores  of  (he  body,  constipating  it  in 
all  mnote  parts;  as  if  the  virtue  of  a  pole  resided  in  this 
noreable  matter.     This  is  nearly  all  tliat  we  know  of  it ; 
and  by  these  facts  and  notions  we  must  judge  of  the  pro- 
priety and  efl'ect  of  all  the  processes  for  magnetiung  bodies. 
The  most  simple  method  of  magnetising  a  steel  bar,  is  to 
I  *PP^y  ^^  north  pule  of  a  magnet  to  that  end  which  we  with 
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to  render  a  south  pole.     Attention  to  the  effects  of  this  ap 
plication  is  very  instructive.   Have  in  readiness  a  very  small 
compass  needle,  turning  on  its  pivot     It  sliould  not  exoeed 
half  an  inch  in  length,  and  should  be  as  hard  tempered  as 
posnhle,  and  strongly  impregnated.     Immediately  after  the 
application  of  the  magnet,  carry  the  needle  along  the  ode 
of  the  bar.    If  tlie  bar  be  long,  and  very  hard,  we  shall  ob> 
serve  a  south  polarity  at  the  place  of  contact ;  a  north  pobu 
rity  at  a  small  distance  from  it ;  beyond  this  a  weak  south 
polarity  ;  then  a  weak  and  diffused  north  polarity,  &c. ;  ti> 
ward  the  remote  end  the  polarity  will  be  found  very  uncer- 
tain.    The  same  thing  may  be  discovered  by  laying  a  stiff 
paper  on  the  bar,  and  sprinkling  iron  filings  over  it,  and  then 
gently  tapping  the  paper,  to  make  them  amoge  themselves 
in  curve  lines ;  which  will  point  out  the  various  poles,  and 
shew  whether  they  are  diffused  or  constipated.    It  is  very 
amusing  and  instructive  to  observe  the  progms  of  this  im- 
pregnation.    In  a  few  minutes  after  the  first  application  of 
the  magnet,  we  shall  perceive  the  state  of  magnetism  veiy 
sensibly  changed.     The  north  pole  will  be  farther  from  tlie 
magnet,  and  will  be  more  distinct ;  the  southern  polarity 
will  also  be  protruded,  and  may  appear  for  a  moment  attk 
remote  extremity.    The  change  advances ;  but  the  pngRM 
is  more  slow,  and  at  last  is  insensible.    When  the  bar  is  not 
harder  than  the  temper  of  a  cutting  tool,  the  process  baoon 
over ;  and  if  the  bar  is  but  six  or  eight  inches  long,  the  r^ 
mote  end  shews  the  north  polarity  in  a  very  few  miouttf* 
When  the  bar  is  very  hard,  the  progress  of  impreguA/k, 
is  greatly  cxficditcd  by  striking  it  so  as  to  make  it  snodL 
If  it  be  suspended  by  a  string  in  a  vertical  position,  and  ih^  •. 
magnet  applied  to  its  lower  end,  the  striking  it  with  a  k^ 
will  make  it  ring ;  and  in  this  way  make  the  progreis> 
magnetization  very  quick :  but  it  does  not  allow  it  tOBOffifJ^. 
all  the  magnetism  that  can  be  given  it  by  a  very  Biroagtn^M^ 
net. 
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But  this  is  a  bad  way  of  impregnation.  It  is  seldom  that 
vniibrm  magnetism,  with  only  two  poles,  and  those  of  equal 
strength  can  be  given.  Even  wJien  there  are  but  two^ 
the  remote  pole  is  generally  diffused,  and  therefore  feeble. 
It  is  much  improved  by  employing  two  magnets,  one  at  each 
cod.  And  if  the  bar  is  not  more  than  six  or  eight  inches 
long,  and  good  magnets  are  employed,  the  magnetism  is 
abundantly  regular.  This,  accordingly,  is  practised  for  the 
impregnation  of  dipping  needles,  which  must  not  be  touch- 
ed, lest  we  disturb  the  centre  of  gravity  of  the  needle.  But 
in  all  cases,  this  method  is  tedious,  and  does  not  give  strong 
magnetism. 

The  method  which  was  usually  practised  before  we  had 
obtained  a  pretty  clear  knowledge  of  magnetism,  was  to  ap- 
ply the  pole  of  a  magnet  to  one  end  of  the  bar,  and  pass  it 
along  to  the  other  end,  pressing  moderately.  This  was  re- 
peated several  times  on  both  sides  of  the  bar,  always  begin- 
ning the  stroke  at  the  same  end  as  at  first,  and,  in  bringing 
the  magnet  back  to  that  end,  keeping  it  at  a  distance  from 
the  bar.  The  effect  of  this  operation  was  to  leave  the  end 
at  which  we  began  the  stroke  possessed  of  the  polarity  of 
the  pole  employed. 

A  general  notion  of  the  process  may  be  given  as  follows, 
observing,  however,  that  there  occur  very  many  great  and 
capricious  anomalies.  When  the  north  pole  N  (Plate  IV. 
fig.  8.)  of  the  magnet  A  is  set  on  the  end  C  of  the  bar 
CBD,  a  south  pole  is  produced  at  C,  and  a  north  pole  at  U, 
when  the  length  of  the  bar  is  moderate.  As  the  magnet 
advances  slowly  along  the  bar,  the  southern  polarity  at  C 
first  increases,  then  diminishes,  and  vanishes  entirely  when 
N  has  arrived  at  a  certain  point  a ;  after  which,  a  northern 
polarity  appears  at  C,  and  increases  during  the  whole  pro- 
grew  of  the  magnet.  In  the  mean  time,  the  northern  po- 
hurity  first  produced  at  D  increases  till  the  magnet  reaches 
'  g  certain  point  e,  then  diminishes,  vanishes  when  the  mag- 
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net  reaches  a  certain  point/;  after  whidi,  awudwiu  po^ 
laritj  appears  at  D,  which  increases  tiU  die  aagHt  mcfaes 
D.  Mr.  Brugmann,  who  first  attended  imnnldj  to  these 
particuhirs  (For  Gilbert  speaks  of  them  pdiiiledly)|  cdb  a 
and  f  points  ofindiffmmxj  and  e  the  emlmimali^g  peJetof  the 
pole  D,  and  t  the  culminadng  point  of  the  pok  C  Hud- 
ly  can  any  general  rule  be  given  for  the  mtiMdonef  these 
points,  nor  even  for  the  order  in  which  tfacj  stuid ;  ssgmt 
and  capricious  are  the  anomalies  in  en  emanBg  smnof 
experiments  narrated  by  Brugmann  and  by  Yen  Sirindoi. 
Repeating  the  operation,  and  beginning  at  C,  the  noitlieni 
polarity  there  is  weakened  (sometimes  destroyed),  thai  le- 
storcd,and  continually  increased  during  the  rest  of  the  itnle. 
The  southern  polarity  at  D  is  also  first  weakened,  and  80S» 
times  destroyed ;  then  restored,  and  finally  augmented.  He 
points  I,  a,  e,fy  change  their  situations,  and  freqoently  tlis 
order. 

Van  Swinden  has  attempted  to  deduce  some  general  kwi 
from  his  immense  list  of  experiments,  avoidiiig  eveiy  con- 
sideration of  a  hypothesis,  or  the  least  conjectnie  by  wfat 
means  these  faculties  arc  excited.  But  though  we  have  pe- 
rused his  investigation  with  care  and  candour,  we  must  ac- 
knowledge, that  we  have  not  derived  any  knowledge  wluch 
can  help  us  to  predict  the  result  of  particular  modes  of  treatp 
ment  with  any  greater  precision  than  is  suggested  by  a  tort 
of  common  sense,  aided  (or  perhaps  perverted)  by  a  tague 
notion,  that  these  energies  reside  in  somethii^,  which  amb 
the  pole  of  the  same  name,  carrying  along  with  it  this  dis- 
tinctive energy  or  pokrity.  This  conception  tallies  pff- 
fectly  with  these  observations  of  Brugmann  and  Van  Sfis- 
den ;  and  admits  of  all  the  anomalies  in  the  situatioD  rf  g 
Brugmann^s  indifferent  and  culminating  points,  if  we  id|f 
suppose  that  this  motion  is  obstructed  by  the  partides  of 
the  body.  We  must  leave  this  to  the  reflection  of  theratet  f 
who  will  guess  how,  when  the  magnet  is  between  C  aadi^    f 
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Oiii  subalancr,  avuding  the  pole  N  of  ttie  mkgiiet,  escapes 
bciow  it,  «nd  goes  toward  the  tanlier  end.  As  the  magnet 
advances,  ti  drives  some  of  tliia  liack  again,  &c.  &c.  Tliis 
is  gratuitous;  but  it  aids  the  fancy,  which,  without  some 
oonccptioii  of  tbis  kiud,  has  no  object  of  steady  contempla- 
tion. We  have  no  thought,  when  wc  spenlt  of  the  genera- 
ling  at  C,  or  0,  or  e,  a  faculty  of  some  kind,  by  the  exertion 
of  the  same  facuhy  in  N.  The  conception  is  too  abstracted, 
and  much  too  complex.  We  must  content  ourselves  with 
knowing,  tlmt  N  produces  a  south  pole  immediately  vnder 
It,  and  3  north  pole  everywhere  else,  or  endeavours  to  do  so. 
It  is  unnecessary  to  insist  longer  on  this  method :  Comtnon 
Wtisc  shews  it  to  be  a  very  injudiciouK  one. 

This  method  was  greatly  improved  by  beginning  the  fric- 
tion at  the  centre.  Apply  the  north  jwle  at  the  centre  or 
middle  of  the  bar,  and  draw  it  over  the  end  intended  for 
the  soutli  pole.  Having  done  tins  several  times  toone  end 
on  both  sides,  turn  the  magnet,  applying  its  south  pole  to 
the  middJe  of  the  bar.  and  drawing  it  Beveral  times  over  the 
end  intended  for  the  north  pule. 

It  wus  still  more  improved  by  employing  two  magnets  at 
once,  placed  as  in  Plate  IV.  fig.  3.  on  the  middle  B  of  thr 
bar,  and  drawing  them  away  from  each  other,  over  the  ends 
of  it,  as  shewn  by  the  directing  darts,  and  repeating  this 
cperation.  It  is  plain  that,  ns  far  as  we  understand  any 
ihing  of  this  matter,  this  process  must  he  much  preferable 
lo  either  of  the  former  two.  The  mngnets  A  and  E  certain- 
ly  concur  in  producing  n  properly  disposed  magnetism  on 
all  tlial  tics  between  them  ;  nnd  lheref<irt'  on  the  whole  bar 
nt  the  end  of  each  jrtrokc.  The  end  C  must  become  a  north, 
nnd  D  a  south  polo.  Still,  however,  us  the  stroke  goes  on 
to  the  point  of  indifi'erence,  each  magnet  tends  to  weaken  the 
polarity  of  ihc  parts  situated  beyond  it. 

This  method  continued  to  be  practised  till  about  the  yenr 
1 750.     Mr.  Canton,  .itnihng  himself  of  the  experiments  of 
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Mr.  Mitchell  of  Cambridge,  published  his  method  bj  the 
DOUBLE  TOUCH,  as  it  is  called.  See  MmUhfy  JBme»ibr 
1785. 

296.  We  ne^  not  repeat  the  defects  of  this  method,  whidi 
are  found  in  every  treatise  on  magnetism ;  we  shall  only  make 
some  observations  on  the  peculiar  advantages  of  the  procesi, 
as  prescribed  by  Mitchell,  Canton,  and  improved  by  Mr. 
Antbeaume,  in  his  memoir  sur  Us  Amau  art^Sckk  1766, 
which  was  crowned  by  the  Academy  of  Sciences.  (See  also 
dissertations  on  the  subject  by  Le  Mairt  ami  Dm  Hamdy 
1746.) 

There  is  an  evident  propriety  in  the  arraiigeflDent  invent- 
ed  by  Mr.  Mitchell,  represented  in  Plate  IV.  Sg.  4.    The 
magnetism  induced  on  the  two  pieces  of  soft  iron  AD  and 
BC  is  an  excellent  method  for  securing  eveij  aooesoon  of 
magnetism  to  either  of  the  bars.     A  good  deal  depends  on 
the  proper  size  and  length  of  these  pieces  ;  and  our  ignor- 
ance of  the  interior  process  obliges  us  to  have  recourse  to  ex- 
periment alone  for  ascertaining  this.     Whatever  drcum- 
stances  induce  the  strongest  magnetism  on  those  pieces  of 
iron,  will  cause  them  to  produce  the  greatest  effect  on  the 
steel  bars ;  and  this  will  be  indicated  by  a  greater  attrac- 
tion.    Therefore  that  distance  will  be  the  best  which  en- 
ables two  bars  AB  and  DC  to  lift  the  greatest  weight  hung 
on  the  piece  AD  or  BC.   When  we  impregnated  bars  whose 
breadth  was  about  one-tenth  of  their  length,  and  their  thick- 
ness about  one-half  of  their  breadth,  we  found,  that  if  AD 
was  about  one  fourth,  or  nearly  one  third,  of  AB,  they  car- 
ried more  tlian  if  it  was  either  much  longer  or  much  short- 
er.    Mr.  Antbeaume's  addition  of  the  two  great  bars  of  inn 
£  and  F  makes  a  sensible  improvement  of  the  begnmuig  of 
the  impregnation^  when  verj'  weak  magnets  are  emplojred; 
but  did  not  soom  to  us  to  be  of  any  farther  service  on  the 
table.     This  is  agreeable  to  any  theory  which  can  be  esUtih 
|ished  by  what  we  have  said  hitlierto. 
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The  method  of  employing  the  magnets  A  and  E  (Plate 
IV.  fig.  5.),  prescribed  by  Mitchell  and  Canton,  is  extreme* 
Iv  judidous.  The  meeting  of  the  dissimilar  p>Ic  ^  at  top  in. 
creases  the  magnetism  of  each.  The  two  dissimilar  polts  F 
jmd  G,  certainly  tend  to  giire  a  regular  and  proper  ma(;not- 
iam  to  the  part  FG  of  the  bar  which  lies  between  tiijMi ; 
and  this  is  the  case  on  whatever  part  of  the  bur  tiK-y  .<re 
placed.  But  each  pole  tends  to  destroy  die  present  magnet- 
ism of  what  lies  between  it  and  the  pole  of  the  bar  on  that 
side.  But  mark— ^-they  tend  to  produce  the  desired  mag- 
netism  on  what  lies  between  them  with  the  sum  of  their 
forces;  while  each  tends  to  destroy  the  magnetism  of  the  part 
without  it  by  the  difference  only  of  their  forces.  Therefore, 
on  the  whole,  as  they  are  moved  to  and  fro  along  the  bar, 
and  the  foremost  one  even  made  to  pass  over  the  end  of  it  a 
Jittle  way,  they  always  add  to  the  magnetism  already  ac- 
quired. This  consideration  seems  to  enjoin  setting  F  and 
£r  extremely  near  each  other ;  for  this  seems  to  increase  the 
sum,  and  to  diminish  the  diflerence  of  thdr  action.  But  it 
may  be  a  question,  Whether  we  gain  more  by  strongly  mag- 
netising a  very  small  part  during  the  very  short  while  that 
the  magnets  pass  over  it,  or  by  acting  on  more  of  the  bar  at 
ODoe,  and  continuing  a  weaker  action  for  a  longer  while  on 
tlus larger  portion.  Mr.  i£pinus  adds  another  coiisidera- 
tioQ  depending  on  his  notion  of  the  internal  process  ;  but 
we  defer  this  to  another  opportunity.  The  safest  direction 
seems  to  be,  to  place  them  at  the  distance  which  enables 
tbem  to  lift  the  greatest  weight.  They  are  then  undoubt- 
edly acdng  with  tlie  greatest  effect. 

Mr.  Antheaumc  directs  to  place  the  touching  magnets  as 
in  (Plate  IV.  fig.  6.)  for  a  reason  to  be  mentioned  after- 
wards. Mr.  iBpinus  also  recommends  it  for  reasons  founded 
on  his  own  hypothesis.  We  must  say,  that,  in  our  trials,  we 
have  found  this  method  very  sensibly  superior,  especially  in  the 
latter  parts  of  the  operation,  when  the  resistance  to  farther  im- 
pregnation becomes  nearly  a  balance  for  the  accumulating 
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power  of  the  magnets ;  and  weconndcr  dusn  ooiaoanai- 
derable  aigument  for  the  justice  of  Mr.  Mpao^s  hjpotheaiL 
The  great  advantage  of  this  metliod  is  die  icgnbritj  of 
the  magnetism  whidi  it  produees.    We  never  find  mne 
than  two  poles ;  and  when  the  bars  are  haid,  and  of  uni- 
form texture,  the  polarity  is  rerj  fittle  Jitiiscdt  and  seca^- 
ingly  confined  to  a  very  small  wpmte  at  the  vcty  cxtRaiities 
of  the  bar.    This  is  indeed  a  prodipooaadiaainge  in  point 
of  strength.    It  is  no  less  so  in  order  to  fit  the  magntts  Car 
experiments  on  the  law  of  magnetic  acdon  ;  fcr  the  latitude 
which  the  diffused  condition  of  the  pedes  g^ms  in  the  aelai^ 
tion  of  the  points  from  which  the  distanraa  an  to  be  com- 
puted, has  hitherto  hindered  us  Cram  |waaimfiiy  on  the 
law  (rf*  magnetic  action  with  the  preasian  of  aUdi  we  think 
it  fully  susceptible.    This  method  also  ia  Aa  only  one  by 
which  we  have  been  able  to  impregnate  two  ban  joined  end 
to  end,  considering  them  as  one  bar.     We  hwve  sometinies 
(though  very  rarely)  succeeded  in  this ;  ao  dwt  when  fibngi 
woe  strewed  over  them,  the  iqipeanaoe  eonld  not  be  dis» 
tingwished  from  a  angle  bar.— AT.  B,  Yet  even  in  this  esse, 
in  one  experiment  with  two  bars  of  six  inches  long,  treated 
as  one,  when  it  could  not  be  distinguished,  either  by  the 
appearance  of  the  filings,  or  by  going  round  it  veiry  nisr 
with  a  compass  needle,  a  very  small  compass  needle  disoo» 
vercd  a  neutral  point,  and  a  reversion  of  polarity  umilar  Id 
Plate  III.  fig  14.  at  F,  shewing  that  it  was  really  acting  ss 
two  bars.     Perhaps  it  must  always  be  so ;  and  this  quertaon 
is  of  considerable  importance  m  the  establishment  of  aaj 
theory  of  the  internal  process. 

It  deserves  remark,  that,  in  order  to  succeed  in  this  at- 
tempt, a  very  considerable  pressure  b  necessary.  We  were 
obliged  to  clean  the  ends  of  the  bars  very  carefully,  and  to 
force  the  frame  of  bars  and  soft  pieces  of  iron  strongly  to- 
gether by  wedges,  in  the  manner  of  a  form  of  types.  We 
thought  that  wetting  the  ends  of  the  bars  with  pure  wster 
Aided  the  expcriuient :  and  we  are  cay  ctrtmt  that  oil  not 
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0ntiy  obttructed  it,  but  even  scttsibly  impeded  Om 
process.  We  lind  put  a  single  drup  uf  oil  on  a 
of  ban  wliicli  we  were  touching  in  Uie  common  Can- 
tonian  method,  (hat  the  magnets  might  be  more  easily  drawQ 
along  them  ;  but  we  were  surprised  at  findiug  that  we  could 
not  give  a  strong  impregnation.  The  oil  undoubtedly  pre- 
vents the  close  contact.  Wc  found  the  finest  gold  leaf  pro- 
duce the  same  efTect  in  a  great  degree ;  as  also  talc,  of 
which  a  square  inch  weighed  ^'^th  of  a  grain.  We  do  not 
infer  any  thing  like  obstruction  to  tho  passage  of  wmethtng 
material,  but  rather  ascribe  it  to  mere  distance ;  although 
we  are  of  opinion,  tliat  in  the  impregnation  of  two  couti- 
guous  bars,  so  that  tlic  magnctiBin  (whatever  it  is)  is  dispon- 
ed prtcitdy  as  in  one  bar,  there  ix  a  material  transference. 
But  we  shall  speatc  of  this  in  its  due  place. 

It  is  not  unworthy  of  remark,  that  we  fijund  liars  to  ac- 
quire more  powerful  magnetism  when  pretty  well  polished 
than  when  rough.  But  we  also  found,  that  bars  considei^ 
sd>ly  rough  acquired  the  first  degrees  oi  it  much  mure  ex- 
peditiously than  those  which  are  smooth;  allliough  «r 
never  could  bring  tliem  to  that  high  degree  of  magnetism 
that  the  same  bars  accjuired  after  they  had  been  polished. 
We  think  it  probable,  that  the  tremors,  occasioned  by  the 
Wugh  and  harsh  surfaces  of  the  hard  steel,  are  the  causes 
this  phenomenon. 

more  observations  on  this  method  of  the  double 
toudi  will  be  made  nftcrwards,  when  we  consider  the  by- 
pothena  of  Mr.  j^pinus:  and  we  conclude  the  present  Bob- 
ject,  by  attempting  to  explain  some  puzzling  ap;)eamnce« 
which  frcquenlty  occur  in  making  artificial  magnets. 

S97.  A  bar  touched  by  a  very  strong  magnet  has  been  said 
by  Muschenbroek  to  be  impaired  by  going  o\-er  it  with  a  weak- 
er magnet.  If  it  had  been  mode  as  strong  as  possible,  the 
weaker  magnet  when  passed  over  it  in  the  way  practised  by 
Muschenbroek,  must  lirsi  destroy  part  of  this  magnetism  ; 
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and  having  done  so,  it  is  unable  to  ruse  it  anew  to  the  same 
degree  of  vigour. 

Yet  (says  Muschenbrock  with  surprise)  a  large  bar  of 
ooramon  iron  has  greatly  improved  the  magnet.  A  very 
laige  piece  of  iron  must  do  this  (especially  if  shaped  like  a 
horse  shoe,  and  applied  with  both  heels),  if  the  bar  be  not  al- 
ready at  its  maximum. 

It  was  thought  wonderful,  that  in  the  method  of  double 
touch,  not  only  was  the  magnetism  of  the  magnets  employ- 
ed not  impaired,  but,  beginning  with  two  magnets^  whose 
power  is  almost  insensible,  and  repeating  the  opermtioos  in 
the  precise  manner  described  by  Mitchell  or  Canton,  not 
only  the  bars  intended  to  be  made  magnedcal,  but  also  the 
magnets  employed,  may  be  brought  to  thttr  highest  possible 
state  of  magnetism.  This  is  in  evident  conformity  to  the  gene- 
ral facts  of  induced  magnetism,  and  aflbrds  the  strongest  proof 
that  nothing  b  communicated  in  this  opeialion,  but  that 
powers  residing  in  the  bars  are  excited,  or  brought  into  afr 
tion.  The  manipulation  merely  gives  oecasum  to  this  action, 
as  a  spark  of  fire  kindles  a  city, 

298.  There  still  remain  some  circumstances  of  this  me^ 
thod,  as  practised  by  Savery,  Canton,  and  Antheaume,  which 
are  extremely  curious  and  important. 

Mr.  Savery  had  observed  a  small  bit  of  steel  aoquiie  voy 
sensible  magnetism  by  lying  long  in  contact  with  the  lower 
end  of  a  great  window  bar.  Telling  this  to  a  frieDd,  he 
was,  for  the  first  time,  informed,  that  this  had  been  long  ob- 
served, and  that  Dr.  Gilbert  had  made  some  curious  in- 
ferences from  it.  Mr.  Savery  wanted  some  magnets,  and 
was  at  a  distance  from  town.  Reflecting,  like  a  pbibio- 
pher,  on  what  he  had  heard  and  observed,  he  saw  here  t 
source  of  magnetism  which  he  could  increase,  in  the  mao- 
ner  commonly  practised  in  making  magnets.  He  jdaoed 
the  bar  AB  (Plate  IV.  fig.  7.)  to  be  magnetised  between 
two  great  bars  of  common  iron  C  and  D,  placing  all  th^ 
three  in  the  magnctical  direction.    He  took  another  bar  EF, 
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%[)(}  plit  two  little  pieces  of  iron,  like  tlic  armour  of  a  load 
stone,  on  its  ends;  and  witli  tho^e  ends  he  rubbed  tbe  bar 
AB,  rubbing  the  upper  half  of  it  with  the  end  F,  and  ibe 
lower  with  the  end  E.  The  result  of  this  was  a  very  brisk 
magnetism  in  a  few  minutes,  which,  by  various  well  devised 
alternations,  he  brought  to  its  highest  degree.  His  nume- 
rous experiments  published  in  the  Philosophical  Transac- 
tions in  1 746,  contain  much  curious  information,  highly  de- 
serving the  attention  of  the  philosophers.  Mr.  Canton, 
proceeding  on  the  same  principle,  that  bars  of  iron,  which 
have  been  lung  in  a  vertical  position,  acquire  an  efficient 
magnetism,  begins  his  operations  by  placing  his  steel  bar  on 
the  head  of  a  kitchen  poker,  and  rubs  it  with  the  lower  end 
of  a  pair  of  kitchen  tongs.  Mr.  Antheaume  adheres  more 
strictly  to  the  inferences  from  the  principle  of  terrestrial 
magncusm,  and  repeats  precisely  the  previous  disposition  of 
things  practised  by  Mr.  Savcry,  placing  his  little  steel  bar 
AB  (Plate  IV.  fi^'  S.)  between  two  great  bars  C  and  D 
of  commoa  iron,  and  arranging  (he  whole  in  tlie  magnetic 
direction.  Then,  proceeding  most  judiciously  on  tlie  same 
principle,  he  greallv  improves  the  process,  by  employing 
two  bars  EFand  GH  for  the  touch,  holding  ihem.-ilxiut  an 
inch  apart,  inclined  about  l.^^'  to  the  bar  AB.  It  is  plain, 
that  the  lower  end  of  each  of  these  Gve  bars  is  a  north  pule, 
and  the  up{>er  end  a  south  pole.  Therefore  the  poles  F 
and  G  concur  in  giving  the  proper  magnetism  to  the  por- 
tion FG  of  ilie  steel  Itar  which  is  between  them;  and  by 
nibbitig  it  with  these  poles  up  and  down,  overpas^ng  each 
extremity  about  half  an  inch,  he  must  soon  give  lo  the  bar 
AB  a  regular  magnetism ;  weak,  perhaps,  but  to  be  al\er- 
wards  increased  in  the  Cantonian  methoil,  on  a  horizontal 
table.  In  this  manner  did  Mr.  Antheaume  make  magnets 
of  very  great  strength  in  1 7t>6.  See  his  DiiSfrlation  already 
quoted 

These  observations  naturally  bring  us  to  the  PhV' 
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of  Dr.  Gilbert ;   a  discovery  whidi  the  sagtcknis  Kepler 
classes  among  the  greatest  in  the  annals  of  acieiioe. 

It  could  not  be  that  a  phenomenon  so  general,  and  so  in- 
teresting and  important  as  the  natural  polaritj  of  magnetic 
bodies,  would  be  long  known  without  exdting  curioritj 
about  its  cause.     Accordingly  the  pbiloaopben  of  the  iSth 
century  speculated  much  about  it,  and  enteitnned  a  varie- 
ty of  opinion,  if  that  can  be  called  an  Ofniuaii  which  can 
hardly  be  said  to  express  a  thought     We  lunre  in  Manigti 
Ficino  a  short  notice  of  many  of  these  opimoDS.    Some  maiii- 
tained  that  the  needle  was  directed  by  a  certain  point  in  tiie 
heavens,  as  if  that  were  saying  more  than  that  it  always 
pointed  one  way.    Others,  with  more  aj^peifanoe  of  leaaoa- 
ing,  ascribed  the  direction  to  vast  magnetic  lodka.    But  all 
this  was  without  giving  themselves  the  tronUe  of  trying  to 
ascertain  what  situation  of  such  rocks  would  produee  the  di- 
recuon  that  is  observed.     Fracastori  was,  if  we  mirtake  not, 
the  first  who  thought  this  trouble  at  all  neeesary ;  and  he 
observes  very  sensibly,  that  if  those  rocks  are  supposed  tD 
be  in  any  place  yet  visited  by  navigators,  and  if  tbqr  act  as 
loadstones  do,  (a  circumstance  which  he  says  most  be  ad- 
mittcd,  if  we  attempt  to  expkun,)  the  direction  of  the  nee- 
dle will  be  very  different  from  what  we  know  it  to  be.    He 
therefore  places  them  in  the  inaccessible  polar  rq;ioiiS|  but 
not  in  the  very  pole.     Norman,  the  discoverer  of  the  fipof 
the  mariner^s  needle,  or  of  the  true  magnetic  direction,  wis 
naturally  led  by  his  discovery  to  conceive  the  directiiig  amir 
as  placed  in  the  earth  ;  because  the  north  point  of  ibene^ 
die,  in  every  part  of  Europe,  points  very  far  below  the  h^ 
rizon.     But  although  he  calls  the  treatise  in  which  he  a-     j 
nounces  his  discoverv  \he  Ntw  Aitraeiifx.  he  does  not  ci- 
press  himself  as  supposing  the  needle  to  be  attracted  hjW 
()oint  wiihiu  the  earth,  but  only  that  it  is  always  diicdcd  to 
that  point. 

It  is  to  Dr.  Gilbert  of  Colchester  that  we  owe  the(i|i« 
nion  now  univrrsally  admitted,  that  magnetic  polariu  k  ^ 
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part  of  the  constitution  of  this  globe.     Norman  had,  not 
long  before,  discovered,  that  if  a  steel  needle  be  very  exact- 
ly balanced  on  a  horisontal  axis,  like  the  beam  of  a  com- 
Qon  balance,  so  that  it  would  retun  any  position  given  it, 
•nd  if  it  be  then  touched  with  a  magnet,  and  placed  on  its 
axis  in  the  magnetic  meridian,  it  is  no  longer  in  equilibrio, 
but  (at  London)  the  north  point  of  it  will  dip  72  or  73  de- 
grees below  the  horizon.     He  did  not,  however,  publish  his 
discovery  till  he  had  obtained  information  how  it  stood  in 
other  parts  of  the  world.     The  differences  in  the  variation 
in  different  places  naturally  suggested  the  necessity  of  this 
to  liiro.    Being  a  maker  of  mariners  compasses,  and  teacher 
of  navigation  in  London,  he  had  the  fairest  opportunities 
that  could  be  desired,  by  furnishing  dip^ung  needles  to  such 
of  the  navigators,  his  scholars,  as  he  knew  most  able  to  give 
him  good  information.    And  the  accounts  which  he  received 
inade  his  discovery,  when  announced  to  the  world,  a  very 
oomplete  thing ;    for  the  commanders  of  ships  engaged  in 
kmg  voyages,  and  particularly  to  China,  informed  him  that, 
in  the  vicinity  of  the  equator,  his  dipping  needles  remained 
parallel  to  the  horizon,  but  that  in  coming  toward  the  nortii 
pole,  the  noflh  end  of  the  needle  was  depressed,  and  tliat 
the  south  end  di{^)ed  in  like  manner  at  the  Cape  of  Good 
Hope,  and  in  the  Indian  Ocean ;  that  the  needle  gradually 
lipproacbed  the  horizontal  position  as  the  ship  approached 
the  equator,  but  that  in  coming  to  the  north  of  it  at  Bata- 
yifly  the  north  point  again  dipped,  and  at  Canton  was  seve- 
nd  d^irees  below  the  horizon. 

On  these  authorities,  Norman  boldly  said  that,  in  the 
cqpiatoreal  regions,  the  needle  was  horizontal,  and  that  either 
cod  dipped  regularly  as  it  approached  either  pole ;  and  that 
ia  the  poles  of  the  earth,  the  needle  was  perpendicular  to 
the  horizon.  He  therefore  announced  this  as  a  discovery, 
not  only  singularly  curious,  but  also  of  immense  importance ; 
for  by  means  of  a  dipping  needle  the  latitude  of  a  ship  at 
may  be  found  widiout  seeing  the  sun  or  stars. 
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I>r.  Gilliert,  compariog  this  position  of  the  compdte  Ae^ 
rile  with  the  positions  which  he  had  observed  small  needles 
amtime  in  his  numerous  experiments  in  relation  to  a  mag^ 
net,  as  we  have  described  at  great  length,  was  naturally  led 
to  the  notion  of  the  earth's  being  a  great  loadstone,  or  as 
containing  one,  and  that  this  arranged  the  dipping,  or,  in 
general,  the  mariner  s  needle,  in  the  same  manner  as  he  ob- 
^lerved  a  great  magnet  arrange  a  small  needle  poised  on  its 
pivot.      He  therefore  composed  his  Phjfaiologia  Nwoa  (fe 
iiagnetfj  et  de  Trilure  magrto  MagneU  ;  in  which  he  notices 
so  many  points  of  resemblance  to  the  directive  power  of  a 
magnet,  that  the  point  seems  no  longer  to  admit  of  any 
doubt     Dr.  Gilbert':)  theory  may  be  thus  expressed : 

All  the  phenomena  of  natural  magnetism  are  analogous 
to  what  we  should  observe,  if  the  earth  were  a  great  mag- 
net, having  its  poles  near  the  poles  of  the  earth^s  equator, 
the  north  pole  not  far  irom  Baffin^s  Bay,  and  the  south  pole 
nearly  in  the  opposite  part  of  the  globe.    A  dipping  needk^  . 
under  the  influence  of  this  great  magnet,  must  arrange  it- 
self in  a  plane  which  passes  through  the  poles  of  the  mag- 
nrt,  the  position  of  which  plane  is  indicated  (at  least  nearly) 
by  th(*  ordinary  compass  needle ;  and  it  will  be  inclined  to 
the  hori/on  so  much  the  more  as  we  recede  from  the  equa- 
tor of  the  great  magnet. 

This  opinion  of  Dr.  Gilbert  was  not  less  ingenious  than 
iin|H>rtnnt ;  and,  if  firmly  established,  it  furnishes  a  cam- 
[t\viv  tluM)ry  of  all  the  phenomena  of  magnetism.  Butob» 
MTvations  wore  neither  sufficiently  numerous  in  the  time  of 
Or.  (lilluTt,  nor  sufficiently  accurate,  to  enable  thatgreit 
\^*niuK  to  assign  the  pa<dtion  of  this  great  magnet,  nor  tfe 
111  W.N  of  its  action.  The  theory  was  chiefly  founded  on  the 
pluMHinirna  of  tho  dipping  needle ;  phenomena  which  m^t 
U:)vr  iH'ru  unknown  tor  ages,  had  the  first  notice  of  them 
Irtllon  uuo  anv  other  hands  than  Xonnan's.  Thev  are  not, 
hko  thojio  ot'  \ariation.  which  snisht  be  made  bv  anv  sailor.  . 
Tlio\  ix^juuv  tor  ihcir  f  \!nb;:ion  a  dipping  needle^  and  the 
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attenlion  to  circLimtuuiccs  nhidi  taii  occur  only  tu  a  mnllie- 
autitian.  A  dipping  nci-dle  k  to  tliis  day,  notwiilisiaadinj; 
oil  our  imp ru vein c tils  in  iho  arl%  uiie  ut'  tlie  mosC  delicate 
Utd  difEcuk  tasivs  Uiat  tin  instrument  inakermn  take  in  hand, 
a  good  une  I'unnut  be  had  Tor  lees  ihun  twenty  gninca.-^- 
coiifidcnl  that  »uch  as  even  Nunuan  could  make  were 
interior  to  what  are  now  mado,  and  quite  nnlii  for  u«c  ai 
sra  while  the  ship  is  under  Mil,  aUluitif(li  tlii-y  umy  be  tole- 
rably exact  for  aD  (tbservaLton  of  ilie  dip  in  any  port ;  wid 
we  presume  tluii  il  was  such  oh6>L'rvutiuns  only  that  Nurman 
contided  m.  Our  readers  will  reailily  conceive  tlie  difficulty 
of  |)oisiug  a  needle  with  such  a  perfect  coincidence  of  its 
centre  of  gravity  and  axis  of  motion,  and  perfect  roundne^^ 
of  this  axis,  that  it  fchall  remain  in  any  position  that  is  given 
it.  Add  to  this,  that  a  grain  ol  dust,  invisible  to  the  nicest 
eye,  getting  under  one  Mcle  of  tliia  axis,  may  be  sufScient 
for  making  it  as§unie  another  position.  It  must  also  be  a 
difficult  matter  to  preserve  this  delicate  thing,  so  as  that  ni> 
change  can  happen  to  it  Besides,  all  this  must  l»e  perform- 
ed on  a  piece  of  tempered  steel  which  we  are  certain  has  no 
magnetism.  Where  can  this  be  got,  or  what  can  insure  us 
igainet  magnetism?  Nor  is  there  less  diffieulty  in  making 
the  ohscrvatioiis  without  great  risk  of  error.  If  the  needle, 
diovcable  only  in  a  veilical  plane,  be  not  set  in  the  plane ot 
i  niogDbtic  meridian,  it  will  always  dip  too  much*.   At  Lon- 
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'ii<  plane  of  the  boriioD,  and  NS  ihe  paiition  of  lbs  mKgmtic  needle  in  my 
Vlia,  wheii  il  a  >t  liberty  I"  m(IIe  in  Hie  Irue  ni»gnelic  direction.  The  an- 
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poilioo,  there  wOHld  he  a  furce  impelling  tl.e 
^Llnkei  an  acute  ingle  wilb  the  tinictit  r  i 
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Mr  Ucrnoiilli  makes  this  simple  cuiitnvatiw  answer  iIil- 
purpose  of  an  universal  instrument  in  the  tolluwing  iii^c- 


umus 
(PiaU 


A  very  light  brass  gnulualcd  circle  EFG 
IV.  iig.  y.)  is  (iscd  to  one  Mile  of  the  needle,  con- 
L-tntric  with  its  exitt,  and  the  whole  is  balanoud  as  nicely  as 
)M>ssiblc  before  impregnation.     A  very  light  index  CD  is 
lltcn  Gtt«d  on  the  axis,  eu  as  to  turn  rather  stiffly  on  it. 
This  will  destroy  the  t^uilibriiim  of  the  newllc      If  the 
nc«dle  has  been  made  wiili  pcrftxt  accuracy,  and  perfectly 
balanced,  the  addition  of  this  index  would  cautie  it  always 
tn  t^etlle  with  the  index  perpendicular  to  the  horizon,  what- 
ever degree  of  the  circle  it  may  chance  to  point  at.    Bnt  a; 
i  scarcely  to  be  expected,  set  the  index  at  various  de- 
of  the  circle,  and  note  what  inclination  the  unmagne- 
needle  takes  fur  cueh  place  of  the  index,  and  record  llieni 
all  in  a  table.     Suppose,  for  example,  that  when  the  index 
is  at  50,  the  needle  inclines  4ti°  from  the  horizon.    If  in  any 
p}ace  we  observe  that  the  needle  (rendered  magnetic  by  ly- 
between  two  strong  magnets),  having  the  index  at  50, 
inea  46°,  we  may  be  certain  that  this  is  the  dip  at  that 
;   for  the  needle  is  not  deran^d  by  the  magnetism 
the  position  which  gravity  alone  wotild  give  it.     As 
generally  know  sometJiing  of  the  dip  that  is  to  Ite  expect- 
in  any  place,  we  most  set  the  index  accordingly.     Ifthe 
lie  docs  not  shew  the  cxpecletl  dip,  alter  the  position  nf 
todex,  and  again  observe  the  dip.    Sec  whether  this  se- 
position  of  the  index  and  this  dip  form  a  pair  which  is 
ihe  table.    If  they  do,  wo  have  got  the  true  dip.    If  not, 
must  try  another  position  of  the  index.    Noticing  wheilier 
^rcement  of  this  last  pair  be  greater  or  less  than  thai 
the  former  pair,  we  learn  wlietlier  to  change  the  position 
the  index  in  the  same  direction  as  before,  or  in  the  oppo- 
The  writer  of  this  article  has  a  dipping  needle  of  this 
nadeby  a  person  totally  unacquainted  witli  the  making 
iliieal  instrumeuts.      It  has  been  used  at  Leitb, 
Russia,  at  Scarborough,  and  at  New  York, 
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and  the  dip  indicated  by  it  did  not  in  any  single  trial  differ 
I7  degrees  from  other  trials,  or  from  the  dip  observed  by 
the  finest  instruments.  He  tried  it  himself  in  L^th  Boada, 
in  a  rough  sea ;  and  does  not  think  it  inferior,  either  inoer- 
tainty  or  dispatch,  to  a  needle  of  the  most  ekboiate  oofr 
structioo.  It  is  worthy  of  its  roost  ingenious  author,  and  of 
the  publio  notice,  because  it  can  be  made  for  a  moderate  ex« 
pence,  and  therefore  may  be  the  means  of  multiplying  the 
observations  of  the  dip,  which  are  of  immense  consequence 
in  the  theory  of  magnetism,  and  for  giving  us  an  accunte 
knowledge  of  the  mpgnetical  constitution  of  this  globe. 

301.  This  knowledge  is  still  very  imperfect,  owing  to  the 
want  of  a  very  numerous  collection  of  observations  of  the 
dip.     They  are  of  more  importance  than  those  of  tlie  hori- 
zontal deviations  from  the  meridian.     All  thai  we  can  sij 
is,  t)i4t  the  earth  acts  on  the  mariner^s  needle  as  a  gnat 
loadstone  would  do.    But  we  do  not  think  that  the  appesr- 
ances  resemble  the  effects  of  what  we  would  call  a  good 
loadstone,  having  the  regular  magnetism  of  two  vigonms 
poles.     The  dips  of  the  needle  in  various  parts  of  the  eirth 
seem  to  be  such  as  would  result  from  the  action  of  ineip 
tremely  irregular  loadstone,  having  its  poles  e:i(ceedingljdi£' 
fused.     The  increase  of  the  dip,  as  we  recede  from  tboM  j 
places  where  the  needle  is  horizontal,  is  too  ra{Md  to  agree  « 
with  the  supposition  of*  two  poles  ofconstipated  magnetinBi  g. 
whether  we  suppose  the  magnetic  action  in  the  inverse  simple  ^ 
or  duplicate  ratio  of  the  distances,  unless  the  great  tencSi 
trial  magnet  be  of  much  smaller  dimensions  than  wliatsooe  ._ 
other  appearances  oblige  us  to  suppose.      If  tlierc  be  foor  ;_ 
poles,  as  Dr.  Halley  imagined,  it  will  be  next  to  Impnaahb 
to  ascertain  the  positions  of  the  dipping  needle.     It  will  ha.^ 
a  tangent  to  one  of  the  secondary  magnetic  curves,  and  tlwie 
will  be  of  a  very  intricate  species.    We  cannot  but  oonndtf*^ 
the  discovery  of  the  magnetic  constitution  of  this  gk)be  M^.. 
point  of  very  great  importance,  both  to  the  philosopher  aadlb  ~ 
to  society.      We  have  considered  it  with  some  care ;  fattr'^ 
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*itJierto  we  liave  not  been  able  to  fonn  a  systematic  view  of 
the  appearances  which  gives  us  any  satisfaction.     The  well 
informed  reader  is  sensible,  that  the  attempt  by  means  of 
tlie  horizontal  or  variation  needle  is  extremely  tedious  in  it» 
application,  and  is  very  unlikely  to  succeed ;  at  the  same 
time  it  must  be  well  understood.     The  two  dissertations  by 
Euler,  in  the  13th  and  2:jd  volumes  of  the  Memoirs  of  the 
Royal  Academy  at  Berlin,  are  most  excellent  performancca, 
and  give  a  true  nolion  of  the  difficulty  of  the  subject.   Yet, 
even  in  these,  a  circumstance  is  overlooked,  which,  for  any 
tiling  we  know  to  the  contrary,  may  have  a  very  great  cf- 
[      fcct.     If  the  magnetic  axis  be  far  removed  from  the  axis  of 
^LKToUition,  as  far,  for  example,  as  Mr.  Churchman  places  it, 
^FAe  magnetic  meridians  will  be  (generally)  much  inclined  to 
^r  i*  horizon ;  and  we  shaU  err  very  far,  if  we  suppose  (as  in 
^       Elder's  calculus)  that  the  dipping  needle  will  arrange  itself 
in  the  vertical  plane,  passing  through  the  direction  of  the 
horizontal  or  variation  needle;  or  if  we  imagine  that  the 
poles  a{  the  great  magnet  are  in  that  plane.     We  even  pre- 
sume to  think  that  Mr.  Euler's  assumption  of  the  place  of 
a  fictitious  poles  (namely  where  the  needle  is  vertical),  in 
T  to  obtain  a  manageable  caleuhls,  is  erroneous.     The 
idaction  of  this  circumstance  of  inclination  of  the  mag- 
Ib  meridians  to  the  horizon,  complicates  the  calculation 
h  ■  degree  as  to  make  it  almost  unmanageable,  except 
•  selected  situations.    Fortunately,  they  are  important 
b  fisr  ascertain ing  the  places  of  the  poles.     But  the  inves- 
II  by  the  positions  of  the  dipping  needle  is  incompara- 
mple,  and  more  likely  to  give  us  a  knowledge  of  a 
iGcity  of  poles.      The  consideration  of  the  magnetic 
S  (in  the  sense  used  in  the  present  article),  teaches  us 
|t  we  are  not  to  imagine  the  poles  immediately  under  those 
k  of  the  surface  where  the  needle  stands  perpendicular  to 
>n,  nor  the  magnetic  equator  to  be  in  thoiie  places 
■  needle  is  honzonta! ;  a  notion  commonly  and  ptau- 
linet).  I'nfbrtiinatelv  our  most  numerous  observe- 
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tions  of  tlie  dip  are  not  in  places  where  they  are  the  nxiBt  in« 
structive.  A  series  should  be  obtained,  extending  from  New 
Zealand  northward,  across  the  Pacific  Ocean  to  Cape  Fvr- 
weather  on  the  west  coast  of  North  America,  and  eoi^ 
tinned  through  that  part  of  the  continent     Another  series 
should  extend  from  the  Cape  of  Good  Hope,  up  ahHig  the 
west  coast  of  Africa  to  the  trope  of  Caprioom ;  from  theaoe 
across  the  interior  of  Africa  (where  it  would  be  of  great  im- 
portance to  mark  the  place  of  its  horizontatity)  through  Si- 
dly,  Italy,  Dalmatia,  tlie  cast  of  Germany,  the  Gulph  of 
Bothnia,  Lapland,  and  the  west  point  of  Greenland.    This 
would  be  nearly  a  plane  passing  through  the  piohable  situa- 
tions of  the  poles.    Another  series  should  be  made  at  right 
angles  to  tliis,  forming  a  small  circle,  crossing  the  other  near 
Cape  Fairweather.    This  would  pass  near  Japan,  through 
Borneo,  and  the  west  end  of  New  Holland ;  also  near  Mexico, 
and  a  few  degrees  west  of  Easter  Island.  In  this  place,  and 
at  J^orneo,  the  inclination  of  the  magnetic  plane  lo  the  hori- 
:£ou  would  be  considerable,  but  we  cannot  6nd  this  out.   It 
may,  tiowever,  be  discovered  in  other  points  of  this  circle, 
where  the  dip  is  considerable.  We  have  not  room  in  this  short 
account  to  illustrate  the  advantages  derived  from  these 
ttcricscs ;  but  the  reflecting  reader  will  be  very  senaiUe  of 
them,  if  he  only  supposes  the  great  magnet  to  be  acoompa* 
nied  by  its  magnetic  curves,  to  which  the  needle  is  always 
a  tangent.  He  will  then  see  that  the  first  series  from  New 
Zealand  to  Cape  Fairweather,  and  die  second  from  Cape 
ruirweather  round  the  other  side  of  the  globe,  being  in 
CHIC  plane,  and  at  very  different  distances  from  the  magnetie 
axis,  must  contain  very  instructive  positions  of  the  needk. 
Hilt  we  still  confess,  that  when  we  compare  the  dips  al- 
ready known  with  the  variations,  they  appear  so  irreooBcife- 
ablc  with  the  results  of  an  uniform  regular  magnetian, 
that  wc  despair  of  success.  Every  thing  seems  to  indicate  a 
luultiplicily  of  poles,  or,  what  is  still  more  adverse  to  all 

calculation,  an  irregular  magnetism  with  very  difiiised  po- 
larity. 
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Much  instruction  may  sun-ly  be  expected  from  the  ob- 
servations of  the  Russian  academicians  and  tJicir  cicvcs,  who 
are  employed  in  surveying  lliat  vast  empire ;  yet  we  do  not 
meet  with  a  single  observation  of  the  dip  of  tlie  needle  in  all 
the  by-gone  publications  of  that  academy,  nor  indeed  are 
there  many  of  the  variation. 

302.  For  want  of  such  informationi  philosophers  are  ex- 
tremely divided  in  their  opinions  of  tlie  situation  of  the 
magnetic  poles  of  tlii$  globe-  Professor  Kruffl,  in  the  17lh 
volume  of  the  Petersburgh  Commentaries,  places  the  north 
pole  in  Jat.  70c  N.  and  long.  23°  W.  from  London ;  and  the 
Bouth  pole  in  lat.  50°  S.  and  long.  OS"  E. 

Wilckc  of  Stockholm,  in  his  indication  chart  (SkcJ.  Mem. 
torn.  XXX.  p.  318.),  places  the  north  pole  in  N.  Lat-  75°, 
near  Baffin's  Bay,  in  the  longitude  of  California.  The  south 
pole  is  in  the  Pacific  Ocean,  in  lat.  70"  S. 

Churchman  places  the  north  pole  in  lat.  59"  N.  and  long. 
136*  W, «  little  way  inland  from  Cape  Fairwcather;  and 
the  south  pole  in  lat.  59°  S.  long.  165°  E.  due  south  from 
New  Zealand. 

A  i^anisphere  by  tlie  Academy  of  Sciences  at  Paris  fur 
178S,  places  the  magnetic  equator  so  as  to  intersect  the 
autfa's  ccjuator  in  long.  75°,  nnd  155"  from  Ferro  Canary 
Uand,  with  an  inclination  of  IS  degrees  nearly,  making  it 
a  great  circle  \-ery  nearly.  But  wc  arc  not  informed  on 
«b«t  authority  this  is  done ;  and  it  does  not  accord  with 
many  observations  of  the  dip  which  wc  have  collected  from 
the  voyages  of  several  British  navigators,  and  from  some 
voyages  between  Stockholm  and  Canton.  Mr.  Churchman 
has  given  a  sketch  of  a  planisphere  witli  lines,  which  may 
be  called  parallels  of  the  dip.  Those  ports  of  each  parallel 
that  have  been  ascertained  by  observation  are  marked  by 
dot*,  so  that  we  can  judge  of  his  authority  for  the  whole 
construction.  It  i&  but  a  sketch,  but  gives  more  synoptical 
'te&Hmation  than  any  thing  yet  published.  The  magnetic 
lalor  cuts  the  earth's  etiuator  in  long.  16",  and  195°  E 
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from  Greenwich,  in  an  angle  of  nearly  17  degrees.  The 
circles  of  magnetic  inclination  are  not  parallel,  being  con- 
siderably nearer  to  each  other  on  the  short  meridian  than 
on  its  opposite.  This  circumstance,  l)eing  founded  on  ob- 
servation, is  one  of  the  strongest  arguments  for  the  existence 
of  a  magnet  of  tolerable  regularity,  as  the  cause  of  all  the 
positions  of  the  compass  needle ;  for  such  nuui  be  the  posi- 
tions of  the  circles  of  equal  dip,  if  the  axis  of  this  magnet  is 
far  removed  from  the  axis  of  rotation,  and  does  not  inter- 
sect it. 

The  celebrated  astronomer  Tobias  Mayer  of  Gottingen, 
proposed  the  following  hypothesis,  by  which  the  direction  of 
the  mariner's  needle  in  all  parts  of  tlie  earth  may  be  deter- 
mined.    He  supposes  that  the  earth  contaitis  a  very  power- 
ful  magnet  of  inconsiderable  dimensions,  which  arranges  the 
needle  according  to  the  known  laws  of  magnetism.    The 
centre  of  this  magnet  was  distant  from  the  centre  of  the 
earth  about  480  English  miles  in  1756,  and  a  line  joining 
these  centres  intei'sected  the  earth's  surface  io  a  pcnnt  situat- 
ed in  1 7*»  N.  Lat.  and  1 83^  E.  Long,  from  London.   The 
axis  of  the  magnet  is  perpendicular  to  this  line,  and  the 
plane  in  which  it  lies  is  inclined  about  11^  to  the  phuneof 
the  meridian,  the  north  end  of  the  axis  lying  on  the  eut 
side  of  tliat  meridian.     From  these  data,  it  will  be  foand 
tliat  the  axis  of  this  magnet  cuts  the  surface  of  the  earth 
about  the  middle  of  the  eastern  shore  of  Baffin^s  Bay,  and 
in  another  point  al)out  800  mites  S.  S.  W.  of  the  soutben 
point  of  New  Zealand.     Professor  Lichtenbcrg  of  Gotting- 
cn,  who  gives  this  extract  from  the  manuscript,  says,  thit 
the  hypothesis  is  accompanied  by  a  considerable  listof  vanh 
tions  and  dips  calculated  by  it,  and  compared  with  obecm- 
tions,  and  tliat  the  agreement  is  very  remarkable.     Hegifcs 
indeed  a  dozen  instances  in  very  difllerent  regions  of  ihe 
earth.     But  wc  suspect  that  there  is  some  error  or  defectin 
the  data  given  by  him,  because  the  annual  changes,  wWdi 
he  also  gives,  are  such  as  are  inconsistent  with  the  data,  tod 
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even  with  each  other.  He  sayst  that  the  distance  from  the 
centre  increases  about  four  miles  annually,  and  that  thenct 
arises  an  annual  dinunution  of  8  minutes  in  the  latitude  and 
14  in  the  longtitude  of  that  point  where  the  stnught  line 
joining  the  centres  meets  the  surface.  It  can  have  no  such 
Consequence.  He  says  also,  that  the  above  mentioned  in- 
clination of  the  planes  increases  8  minutes  annually.  The 
compound  force  of  the  magnet  is  said  to  be  as  the  square 
root  of  the  distance  inversely.  We  are  at  a  loss  to  under- 
stand the  meaning  of  this  circumstance ;  because  Mayer's 
hypothesis  concerning  the  Jaw  of  magnetic  action  is  exceed- 
ingly difierent,  as  related  by  Mr.  Liclitenberg  from  tlie  same 
manuscript.  But  it  was  our  duty  to  communicate  tliis  no- 
tice, though  imperfect,  of  the  speculations  of  this  celebrated 
mathematidan.  Sec  ExlibcrCa  Elcm.  of  NaL  PhU,  publish- 
ed by  Lichtenberg  1784.  p.  G45. 

303.  Now,  if  the  situation  of  the  poles  be  any  thing  near 
the  average  or  medium  of  these  determinations,  and  if  we 
form  all  our  notions  by  analogy,  comparing  the  positions  of 
the  compass  needle  in  relation  to  tlie  great  terrestrial  mag- 
net, with  the  positions  assumed  by  a  small  needle  in  the 
neighbourhood  of  a  magnet,  we  must  conclude,  that  the 
magnetical  constitution  of  this  globe  has  little  or  no  reference 
to  its  regular  external  form.  The  axis  of  the  magnet  is  very 
far  removed  from  that  of  the  globe  (at  least  1500  miles), 
and  is  not  nearly  parallel  to  it,  nor  in  the  same  plane.  It 
required  tlic  sagacity  and  the  sUill  of  a  Euler  to  subject  such 
anomalous  magnetism  to  any  rules  of  computation;  and  every 
person  qualified  to  judge  of  the  subject  must  allow  his  dis- 
sertation in  the  13th  volume  of  the  Berlin  Memoirs  to  be  a 
work  of  wonderful  researcli.  It  is  a  very  agreeable  thing  to 
•ee  such  a  conformity  between  the  lines  which  express  the 
rq;ular  magnetism  of  Euler^s  dissertation,  and  the  lines 
drawn  by  Dr.  Halley  from  observation,  and  which  appeared 
to  himsdf  so  capricious,  that  he  despaired  (notwithstanding 
his  consummate  skill  in  geometry)  of  their  ever  being  re- 
duced to  a  mathematical  and  precise  system. 


904.  Widioat  deCnctiiig firam  tbe  BakurDb Gilliat« 
we  urn  J  pnsmiie  to  say  that  Us  nodan  cf  die  earth's  hmag 
a  gteat  magnet  was  not,  inhisiimid,  more  tfaanaa^pdoos 
eoDJectuiey  formed  bottk  a  Yttj  genenl  ana  even  vagus 
eompanson.  Yet  the  ccHnpansoB  was  smEaentl^  good  te 
give  him  great  ennfidfnnp  in  his  opiuantfaat  timnetiancf 
this  great  magnet,  in  perfect  conftnulj  to  wlmt  we  ohscrte 
in  our  experiments  with  magnffa,  is  die  aDmoe  of  aD  the 
magnetism  that  we  obseve  If  there  was  iwdiiqg  dseia 
proof  of  the  justness  of  his  theory,  it  is  afanndandj  proved 
by  the  beautifiil  experiment  of  Hr.  HinshaOj  BModoned  in 
the  article  Vablatiox,  EwnfdL  p.  621.  coL  8L  An  iron  fasr 
held  nearly  upright,  attracts  the  south  end  of  a  cnmpais 
needle  with  its  hiwer  end ;  and  if  that  end  of  die  har  be  kept 
in  its  pboe,  and  the  bar  turned  round  till  it  becomes  the 
upper  end,  the  south  point  of  the  needk  immrdiatriy  turns 
away  from  it,  and  the  north  end  is  now  attracted.  Tlusezpe- 
riment  may  be  perfecdy  imitatpd  with  aitificul  magnedsoB. 

Haring  sujqxirted  a  large  magnet  SAN  (Plate  IV.  fig. 
10.)  so  that  its  ends  are  detached  from  sumiunding  bodies^ 
pfaMre  a  small  needle  B  (poised  on  its  pivot)  about  three 
inches  below  the  ncMth  pole  N  of  the  magnet,  and  m  sudi 
a  situation  that  its  pdarity  to  the  magnet  may  be  very  weaL 
Take  now  a  small  piece  of  common  iron,  and  hdd  it  in  the 
position  represented  at  C.     Its  lower  end  becomes  a  north 
pole,  attracting  the  south  pole  of  the  needle.    Keeping  dui 
in  its  place,  turn  round  the  piece  of  iron  into  the  pootioD 
D ;  the  south  pole  of  B  will  now  avoid  it,  and  the  north 
pole  will  be  attracted.    AVe  directed  the  needle  to  be  » 
placed,  that  its  polarity  in  relation  to  the  mi^net,  may  k 
weak.     If  it  be  strong,  it  may  act  on  the  end  of  C  or  Dlib 
a  magnet,  and  counteract  the  magnetism  induced  on  C  orl^ 
by  vicinity  to  A- 

An  anonymous  writer  in  the  Philosophical  Tnmssctioj^^ 
No.  1 77.  Vol.  XV.  relates  several  observations  made  ^*>^C^^ 
a  voyage  to  the  East  Indies,  which  are  quite conforma^^^l 
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»A  few  leagues  nortlincst  from  the  Uland  Ascetifiion, 

Mth  point  of  the  compass  needle  hardly  shewed  any 

■By  to  or  front  the  lowor  end  of  an  iron  bar.    It  seem- 

Der  to  avoid  the  upper  end ;  it  was  not  in  the  least 

tod  by  the  middle  of  the  har  ;  hut  when  the  bar  was 

!lDnzontal,  in  the  magnetic  direction,  its  two  ends  of- 

^  the  dissimilar  ends  of  the  compass  needle  very  strong- 

Dtit  when  horizontal,  and  lying  at  right  angles  to  the 

letic  direciioQ,  its  {wlarity  was  altogether  indifierent. 

<  the  otiicr  phenomena  of  induced  oitifidal  magnetism 

the  same  resemblance  to  (he  phenomena  of  natural 

leiism,  a  bar  which  has  remained  long  in  the  vicinity  of 

let  acquires  magnetism  (permanent)  in  the  same  way, 

ified  by  the  same  circumstances,  us  in  natural  mag* 

Hammering  n  hit  of  common  iron  in  the  immedi- 

tity  of  a  magnet,  gives  it  very  good  magnetism. 

a  red  hot  bar  to  cool  in  the  neighbourhood  of  a 

hu  the  eamv  etiect.      Also  quenching  it  suddenly 

fcw^ne  effect.  Quenching  a  small  red  hot  steel  bar 
two  magnets,  was  found  by  us  to  communicate  a 
rong«r  magnetism  thun  we  could  give  it  by  any 
Bvtbod.  lis  form  indeed  was  very  unfavourable  fi» 
Vtary  metiiod  of  touching ;  for  it  consisted  of  two 
l"*'W8  connected  by  a  slender  rod,  and  could  scarce- 
If'^g'iatwl  in  any  other  way  ilian  by  placing  it  for  a 
\B  »/ii/f  tietMcen  magnets.  In  alJ  tlicse experiments, 
P'y  Acquircfl  is  precisely  similar  to  that  acquired  by 
'  treatment  in  relation  to  Uiis  supposed  great  ler- 
^"^t-  la  short,  in  whatever  manner  we  pursue 
^  ''I  ouc    t?Kperiroents,  we  find  the  resemblance 

***'  tlil  tltii*  ^  *  therefore,  that  this  new  physiobgy 
"«( iiy  jyg.^  Gilbert  is  well  established  ;  and  we 
*tes  ^uik^^i-i^^^  to  assume  it  as  a  proposition  ful- 
***'»  th  C  *-'^*  z&^K\\  is  a  great  magnet,  or  con- 
Hlt^  ^ff  se  agency  of  whitli  produces  the  di- 
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rection  of  the  magnetic  needle,  and  all  the  ou^petnai  wUcb 
iron  acquires  by  long  continuance  in  a  proper  pnation.    It 
is  this  which  made  us  say,  in  the  beginniDg  of  tUs  arti- 
cle, that  attraction  and  pcjaritj  were  not  confined  to  mag- 
nets, but  were  properties  belonging  to  all  iron  in  its  metal- 
lic state.      AVe  now  see  the  reason  wh j  any  piece  of  irao 
brought  very  near  to  another  piece  will  attnct  it«-both  be* 
come  magnetical,  in  consequence  of  the  agency  of  die  great 
magnet ;  and  their  magnetism  is  so  dij^xised,  that  theirmn* 
tual  attractions  exceed  their  repulsions.    Ako^  why  an  iron 
rod.  placed  nearly  in  the  magnetical  direetian,  wiD  finally 
arrange  itself  in  that  direction.      Also,  iriiy  the  temstiial 
polarity  of  common  iron  is  indifierent,  and  cidberend  of  the 
rod  will  settle  in  the  north,  if  it  have  neady  dial  podtion  at 
first     The  magnetism  induced  by  mere  nonentary  posi- 
tion is  so  feeble  as  to  yield  to  any  artificial  magnetism.    As 
a  moment  was  sufficient  for  imparting  it,  a  moment  soffioes 
for  destroying  it ;  and  another  moment  wiD  impart  the  op- 
posite magnetism.     But  artificial  magnetism  requizes  Dore 
force  for  its  production,  and  some  of  it  remains  when  the 
producing  cause  is  removed,  and  it  does  not  yield  atonoeto 
the  contrarv  magnetism.     That  there  is  no  fiutber  fifir- 
encc  appears  from  this,  that  long  continued  position  giVB 
detormined  and  permanent  magnetism,  and  that  it  is  de* 
stroyed  by  an  equally  long  continuance  in  the  contrary  poo- 
tion.     It  seems  to  be  very  generally  true,  thatamtgnet 
will  carry  more  by  its  north  than  by  its  south  pok.   It 
should  be  5o  in  this  part  of  the  world,  because  the  tems* 
trial  magnetism  induced  on  the  iron  cons|ures  ^th  tbenog- 
nctisin  induced  by  the  nor:h  pole  of  a  magnet,  buteoadtf- 
acts  the  macnensRi  indLiceii  bj  the  south  pcJe. 

The  propriety  of  Mr.  S-civery'*,  5Ir.  Canton^  and  Mr. 
Antheaume's  processes  for  beginning  the  impr^^nattOQ  of 
hard  stctJ  bars  is  now  plain,  and  the  superior  effect  of  the 
two  ^reat  bars  of  o-^msiLm  iron  in  the  proposed  method  of 
Mr.  .Vnthciume.     We  cannot  but  take  this  of^rtunity  of 
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\m3\ng  the  propel  tiibute  of  praii.e  (o  ibe  ingciiuitv  of  Mr. 
Savery.  Kvcry  circumstance  of  Iiis  process  was  selected  in 
coDsequence  of  an  accurate  couceplkia  of  inagnclisoi,  and 
ihe  combination  of  this  science  with  l)r.  Gilbert's  Uitxiry. 
His  process  is  tlie  same  with  Antheaume's  in  every  res|>eut, 
except  tiie  circumstance  of  the  double  touch  borrowed  from 
Mitchell  and  Canton.  These  observations  do  not  detract 
from  tlic  discernment  of  Mitchell  and  Canton,  who  saw  in 
those  experiments  what  had  escaped  tlis  attention  of  hun- 
dreds of  readers. 

305.  But  there  occurs  an  objection  to  this  tiieory  of  Dr. 
Gilbert,  which  was  urged  against  it  with  great  force.  We 
observe  no  tendency  in  thL'  magnet  or  compass  needle  lo- 
*ard  this  supposed  magnet  An  iron  or  steel  bar  is  not 
found  Id  increase  its  tendency  downwards,  that  is,  is  not 
sensibly  heavier,  wlien  its  south  pole  is  uppermost  in  thiii 
part  of  the  world.  A  needle  &et  atloat  on  a  piece  of  cork 
arranges  itself  quickly  in  the  proper  direction  ;  but  if  con- 
tinued ever  so  long  afloat,  it  has  never  been  observed  to  ap- 
proach the  north  side  of  the  vessel.  This  is  quite  unlike 
what  we  observe  in  the  mutual  actions  of  magnets,  ur  the 
action  of  magnets  on  iron.  This  objection  appears  to  have 
given  Dr.  Gilbert  some  concern ;  and  he  meuiioos  many  ex- 
pcnmenls  which  have  been  tried  on  purpose  to  discover  somt- 
magnelical  tendency.  He  gets  rid  of  it  as  well  as  he  can, 
by  saying,  that  the  directive  power  of  a  magnet  extends 
much  farther  than  its  attractive  power.  He  con6rms  this 
lij  several  experiments,  But  Dr.  Gilbert  had  not  studied 
the  s'unultaneous  actions  of  the  four  poles,  nor  explained,  by 
ihe  principles  of  compound  motion,  how  th?se  produced  all 
ilie  possible  positions  of  the  needle.  Indeed,  the  composi- 
lion  of  mechanical  forces  was  by  no  means  familiar  with  phi- 
lD!ophei-s  at  the  end  of  the  ICth  century.  We  see  it  now 
Tcry  distinctly.  The  polarity  of  the  needle,  or  the  force 
which  it  turns  itself  into  the  uiagneticaJ  ))osition,  do- 
X  the  difference  between  the  sums  of  the  actions  a 
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each  pole  of  the  magnet  on  both  the  poles  of  the  oeedk; 
wherau  its  tendency  towards  the  magnet  depends  oo  the 
diflRerenoe  of  the  djl^miices  of  those  actmns 
The  first  may  thus  be  very  great  when  die  other  is  ahnoit 
insenable.  We  see,  that  coarse  iron  filings  heap  dbont  the 
magnet  very  fitft,  and  that  very  fine  filings  approach  it  feiy 
slowly.  Now,  the  largest  magnet  that  we  can  employ,  when 
compared  wMk  the  great  magnet  in  the  earth,  is  but  as  a 
particle  of  the  finest  filings  that  can  be  eoooeiTed.  This 
surely  diminishes  excee^gly,  if  it  does  not  entiiriy  aanilu- 
late  die  objection :  but  as  we  have  heard  it  mged  by  many 
as  an  improbable  thing,  that  a  long  magnel^  IbepC  afloat  far 
many  months,  (whidi  has  been  done)  dball  not  shew  the 
smaOut  tendency  towards  the  pde  of  the  temadiiai  magnet, 
we  thmkit  desorvesto  be  oonndered  widiaccara^,  and  die 
question  decided  in  a  way  which  will  admit  of  no  doubt 

306.  LetthewysasallmifinetC  (PIaleIY.fig.il.)  be 
placed  near  a  great  magnet  A,  and  then  near  a  smaDsr  mi(- 
net  B,  in  such  a  manner  that  its  polarity  to  bodi  shsD  be 
the  same ;  and  then  let  us  determine  the  proportioo  b^ 
tween  the  attractions  of  A  and  B  for  the  small  magnet  C 

This  will  evidently  depend  on  the  law  of  magnetic  action. 
For  greater  amplicity  of  investigation,  we  shall  content  our- 
selves with  supposing  the  action  to  be  inversely  as  the  db- 
tanoe. 

Let  AN,  =  AS,  =  a;  BN  =:  ft;  C  a  =  r,  AC  =:i^BC 
=  >;  and  let  the  absolute  force  of  A  be  to  that  of  Est  the 
same  distance  as  m  to  1. 

The  magnetic  action  being  supposed  pioportioaal  Id  jp  we 
have, 


1.  Action  of  AN  on  C  s  = 


d'^^G'^e 


ANonC«  =  -^_„^^- 


■I' 
li 


HAorsTisjr. 


d  +  a+c 


W5.  The  wbole  action  =  -= 


(P—a-i-c  xd*— 


.  If  c  be  wry  small  in  comparison  with  a  or  6,  the  w^ot 
n  cf  A  is  very  nearly  = 


7.  And  the  tendency  of  C  to  B  is,  in  like  manner, 
ISbci 

The  directive  powers  of  A  and  B  are  at  their  maximum 
state  when  C  is  placed  with  its  axis  at  right  angles  to  the 
lines  AC  or  BC.     In  which  case  we  have, 
4m  a 

8.  The  diiecUve  power  of  A  =  ^  Z.'a*- 

ib 

9.  The  directive  power  of  B  =  jturji- 

When  these  directive  powers  are  made  equal,  by  placing 
C  at  the  proper  distances  from  A  and  B,  we  have, 

10.  4  HI  a :  4  ft,  or  m  a :  &  =  J*  —  o* :  y  —  6» 
And  tn  a  J'— itt  a  6*  =  i  rf*  — ftfl* 

fflay  =  6Ctf  — a'J  +  maR 


^  ma 


«■)+»••• 


jet  Uie  attrjtctions  of  A  and  B  for  the  very  ^niail  iiiag- 
It  C,  when  its  polarity  to  both  is  the  same,  be  expressed 
I  the  synibok  «  aiid  /).     We  have 

•:»=(iF^^<- ()^:;Jij»''l»'^''y "0.10,15= 
»(!■  — t=)c>  d 

>  — f)'    -df  —  a'-i 
13.  Attc"  of  A;attr"of  B  =  i(i;fliaS 


-kd: 


rn  a  3 ;  that  is. 
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As  an  exauiple  of  diis  oompanson,  kc  us  suppose  (he 
great  teirestrial  magnet  to  be  a  thousand  times  laiger  and 
^ironger  than  the  magnet  whote  attractioa  we  are  oompar- 
iog  with  that  of  terre^iial  magnetism.     Let  us  also  nppose 
the  distance  firom  the  pole  of  the  great  magnrt  to  be  mally 
so  that  its  attraction  maj  be  oonaderable.     Let  us  mike 
d=  1300,  a  be'mg  =  1000,  and  &=  1.     These  are  all  ray 
reasonable  suppoatkns.     Substituting  these  Talues  in  the 
formula,  we  have  attr°  of  A  :  attz"  of  B  =  1  :  1000  wy 
neariy ;  and  therefore  when  the  needle,  when  placed  neir  a 
magnet,  vibrates  bv  its  polarity  as  fiet  as  it  does  by  natural 
magnetism,  its  tendency  toward  that  magnet  must  be  alto- 
gether insensible ;   for  the  dispropartion  is  iucompaiably 
greater  than  that  of  I  to  1000,  in  the  kigcat  mapiftii  with 
which  we  can  make  erpenment&     OfaKrre  dni  diat  we 
hare  taken  the  case  where  the  attzacdons  are  die  Wrongest, 
riz.  when  the  magnet  C  is  placed  in  the  axis  of  A  or  B.  In 
the  oblique  positions,  tangents  to  the  magnetic  curres,  the 
atiractions  are  smaller,  almost  in  any  ratio. 

We  took  the  inverse  ratio  of  the  rli'ganfy*  for  the  law  of 
action,  only  because  the  analysis  was  Terr  simple.  It  is  veiy 
evident*  that  the  disproportion  will  be  sdll  more  vemarinfak 
:f  the  acuon  be  inversely  as  the  square  of  the  distance^ 

The  ob'.ecticn  dierefore  to  the  orimi  c^  the  polaritrof  th& 
cjcpass  needle,  asdof  all  ocher  xzLagnets.  namdy,  the  acdon 
cf  3  gres:  dignct  cxiulii^i  in  the  eanh,  appears  plainljtD 
Ik  of  Lo  force.  We  ridjcf  chink  thai  the  want  of  all  sen* 
Kc  aitnctioQ,  where  ihere  ia  a  brisk  polarity,  is  a  proof  cf 
the  j  iisme»  of  the  cocj^cture :  for  if  the  compass  needle  ww 
arranged  by  the  action  of  magaetac  rocks,  or  even  exteBore 
5Crau«  near  :i:e  surfice  cf  die  earth,  the  attiactioBs  wooU 
har  a  greater  pr:»fc«tk?Q  to  the  p^:Jar:iies.  We  haTeevea 
chsenred  ihb.  A  a?ci^>:-«rabKe  zuss  of  magnetie  stiatum  was 
fiv-2d  :•?  deran^  the  ceedje  ci  a  suTfeyor's  theodofiteala 
cc:i2^er;&Ke  disuzn.*^'  a11  anwir-i  (about  140  yards).  The 
wr-ttr  pLKtxi  tbe  kscIsl  .c  a  ±is  jdu  which  just  floated  ii 


t 

! 
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en  water  in  a  large  wooden  dUii,  and  set  U  in  a  plncc  wlipre 
it  iraa  drawn  about  la  decrees  from  tlie  magnetic  meridiuii- 
It  was  left  in  that  iiiluaiiun  a  wliolc  night,  well  defended 
from  lite  wind  by  a  buard  laid  on  tlie  disli.  Next  morning 
it  was  found  applied  lo  Ihnt  i^idc  of  the  dhh  which  was 
iiparcst  to  the  dislutbing  rocks.  It  had  moved  ibout  six 
inches.  This  was  repeated  three  limes,  and  each  tinje  it 
moved  iu  the  same  direction  (neurly),  which  differed  con- 
eiderably  from  the  direction  of  the  needle  itself 

It  is  now  plain  that  we  may,  with  confidence,  assume 
Dr.  Gilbert's  theory  of  terrestrial  magnclism  as  suffjciendy 
established.  And,  since  we  must  certainly  call  that  the 
north  pole  of  the  great  magnet  which  is  situated  in  the 
northern  parts  of  the  earth,  and  since  those  poles  of  magnets 
which  attract  each  other  have  opposite  polarities,  we  must 
say,  that  what  we  call  ilie  north  pole  of  a  marinei's  needle, 
or  of  any  other  magnet,  has  tlic  southern  potarity. 

307,  We  may  now  venture  to  go  farther  with  Dr.  Gilbert, 
and  to  say  that  all  the  magnetism  which  we  observe,  whether 
in  nature  or  art,  is  either  tlie  immediate  or  (he  remote  cfiect 
of  the  action  of  the  great  magnet.  As  soft  bars  soon  ac- 
quire a  transient  magnetism ;  as  hard  bars,  after  long  ex- 
posuiv,  acquire  a  sensible  and  |>ermanent  magnetism— we 
must  infer,  that  ores  of  iron,  which  are  in  a  state  lit  tor  im- 
precation, must  acijuire  a  sensible  and  permanent  mngnel- 
isoi)  by  continuing,  for  a  series  of  ages,  in  the  bowels  of  the 
earth.  And  thus  tlie  magnetia-m  of  loadstones,  which,  till 
the  discovery  of  the  natural  magnetism  acquired  byposiUon, 
orvre  llie  sources  of  all  our  magneticoi  phenomena,  is  now 
|)tQved  to  be  a  necessary  consequence  of  the  oxi.>ttence  and 
agency  of  a  great  magnet  contained  in  the  bowels  of  the 
earth. 

308.  It  seems  to  result  from  this  theory,  that,  tu  these 
oortliern  parts  of  the  world,  that  part  of  every  natural  lond- 
stoDe  tliat  is  at  the  extremity  of  the  line  drawn  through  the 

lemthemoipitttpdireaiMi  ■houtflw  Ua  pde ;  and  that 


rhe  very  pmbon  which  ic  had  in  tbe  noc  IV.  Giibcrtoem- 
plaint  of  the  inatteacion  of  nuTica  /'radb  ^fluaH  ^mn.  h- 
er^fnihn  fMompkfiiutemumiaiaJta  tkis  ■npurtant  arcane 
stMKe.  Onee,  ha««rer,  he  had  the  good  JBrtima  to  be  ad- 
▼ertieed  of  a  great  magnedc  mass  Icrnig  ia  its  matrix.  He 
f ep^|red  r|iiieidj  to  the  mipev  riamiBfri  k,  mod  maitod  its 
poiacs  which  were  io  the  cxtmnties  of  die  loagpetic  toe. 
When  it  was  detached  from  iu  matris,  be  kad  the  pleaww 
of  finding  its  poles  io  the  very  places  he  cspeetcd.  The 
loadstone  was  of  conudetable  sixe,  weighing  aboat  80  pounds. 
--'Mr.  Wikkc  grrcs  in  the  Swedish  CoosBKntaiies  sefcnl 
taatances  of  the  same  kind. 

But  should  this  always  be  the  case  ?  By  no  msana.  There 
are  anany  circumstances  which  may  giTO  the  magnetism  oF  a 
loadstone  a  very  different  direction.    We  hare  fottud,  that 
ftimple  juxtaposiUon  to  a  magnet  will  scmiedmea  gite  a  sqo» 
cession  of  pc^  to  a  long  bar  of  hard  steel.    Thesnmediniig 
iiuiy  happen  to  an  extensive  vein  of  magnetisaUe  maftsr. 
Tlie  loadstone  taken  out  of  this  vein  may  have  been  pbeed 
like  that  of  a  soft  bar  placed  in  tbe  magnetic  line^  i^  l]n>K 
in  one  part  of  the  vein ;  if  taken  from  another  part  of,  its 
polarity  may  be  the  very  reverse ;   and  in  another  part  it 
may  Iiavo  no  magnetism,  although  completely  fitted  for  i^ 
<{uiring  it     It  may  have  its  poles  placed  in  a  direction  dif- 
ferent from  all  these,  in  consequence  of  the  vicinity  of  s 
greater  loadstone.  As  loadstones  possessed  of  vigorous  mi^ 
netisin  are  always  found  only  in  small  pieces,  and  in  picstf 
of  various  siscs  ami  force,  wc  must  expect  every  positMOof 
their  poles.     Tho  only  thing  that  we  can  expect  by  thcaiy 
is  that  adjoining  laulstoncs  will  have  their  friendly  pole 
tunuMl  toward  vavh  other,  and  a  general  prevalence  of  or 
tendency  to  a  iH>lariry  synmietrical  with  that  of  the  esrth. 
'riie  n*nder  will  find  some  more  ol)servations  to  this  pmrpse 
in  the  article  Vakivtion,  in  the  Appexdix  to  thisdfaxr- 
tatiinu  as  uIm*  in  GilU nV  irt^atisc,  B.  III.  c.  2.  p.  181. 
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Nor  shntild  all  ^rata  or  masses  ^f  irun  ore  be  magnetU 
cal.  We  know  that  none  are  susceptible  of  induced  uiag- 
netism,  but  such  as  are,  ui  a  certain  degree,  in  the  metallic 
state.  Such  ores  arc  not  abundant.  Nay,  even  all  of  audi 
ntrata  do  not  nocessarily  acquire  magnelism  by  the  action  of 
the  great  magnet.  If  ibeir  principal  dimensions  lie  nearly 
perpendicular  to  the  magnetic  direction,  they  will  not  a*> 
quire  any  sensible  quantity.  A  stratum  in  this  country, 
rising  about  17  degrees  to  the  N.  N.  W.  will  scarcely  ac- 
quire magnetism.  It  may  also  happen,  that  the  influence 
of  the  great  magnet  is  countcracred  by  that  of  some  exten- 
sive stratum  inaccessible  to  man,  by  reason  of  its  greal 
dspth. 

309.  Tlias  we  see  that  all  tlic  appraranccs  of  the  original 
magnetism  of  load.stones  are  perfectly  consistent  with  Ui« 
notion  that  they  are  effects  of  one  general  eosmical  cause, 
the  action  of  the  great  magnci  contained  in  the  earth,  and 
that  there  is  no  occasion  lo  suppose  this  great  magnet  to 
differ,  in  its  constitution  or  manner  of  action,  from  the  small 
masses  of  similar  matter  cnlK-d  loadstone.  The  only  diiTi- 
nilty  that  presents  itself  is  the  great  superioiity  of  magne- 
tic force  observable  in  some  loadstones  over  other  masses  of 
orw  circumjacent,  which  are  not  distinguishable  by  us  by 
my  other  circumstance.  We  acknowledge  ourselves  unable 
to  solve  this  difficulty  ;  for  the  magnetism  of  such  pieces  is 
wmetinics  incomparably  stronger  than  what  a  bar  of  iron 


Mquires  by  position  ;  yet  this  bar  i; 


jch  more  susceptible 


itiin  the  ores  which  are  fit  for  becoming  loadstones      Per- 
liipa  there  is  some  chemical  change  which  obtains  gradually 

Ntain  masses,  which  aids  the  impregnation,  in  tlic  same 
Ml  we  know  that  being  red  hot  destroys  nil  magnet- 
rhether  in  a  mei:U  bar  or  in  an  ore.  This  seems  lo 
ifiMiEd  by  what  we  see  in  some  old  iron  standiiuns, 
aequirc  the  stronge.'^t  magnetism  in  those  parts  of 
mbetance  which  are  combining  themselves  with  ingre- 
■  floating  in  the  atmosphere.  That  part  which  ia  cased 
'  itane,  and  cx£»Uiit«fl  and  spliu  with  rust,  bcii^  coo- 
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verted  into  something  like  what  is  called  finexy^^nder,  be- 
comes highly  and  permanently  magnetic.  Such  peculiari- 
ties as  these,  operating  for  ages,'  may  allow  a  degree  of  m^g- 
netical  impr^nation  (in  whatever  this  may  consist)  to  take 
place,  to  which  we  can  see  no  resemblance  in  our  experi- 
ments. It  would  be  worth  while  to  place  iron  wires  in  a 
tube  in  the  magnetic  direction,  which  could  be  kept  of  a 
proper  red  heat,  while  it  is  converted  into  aetbiops  by  steam. 
It  is  not  unlikely  that  it  would  acquire  a  sensible  and  per- 
manent magnetism  in  this  way.  It  may  be,  that  the  little 
atoms,  as  they  arrange  themselves  in  a  sort  of  crystalline  or 
symmetrical  form,  may  also  arrange  so  as  to  fiivour  nu^gnct- 
ism.  Were  this  tried  in  the  vicinity  of  a  strong  magnet, 
the  effect  might  be  more  remarkable  and  pr^st.  Perhaps, 
too,  while  iron  is  precipitated  in  a  metallic  form  from  its  so- 
lutions by  another  metal,  something  of  the  same  kind  may 
happen.  We  know,  that  proper  ores  of  iron,  exposed  to 
cementation  in  a  low  red  heat,  in  the  magnetic  direction,  be* 
come  magnetic. 

SIO.  Notice  has  been  taken  in  the  AppExpix,  on  the 
variation  of  the  Comi)ass»  of  the  attempts  of  ingenious 
men  to  explain  the  change  which  is  observed  in  all  parts 
of  the  globe,  on  tlie  direction  of  the  niariner''s  needle,  tbe 
gradual  change  of  the  variation.    The  hypothesis  of  Br. 
Halley,  that  the  globe  which  \vc  inhabit  is  hollow,  and 
incloses  a  magnetic  nucleus,  moving  round  another  axis^  is 
not  inconsistent  with  any  natural  law,  if  he  did  not  suppose 
the  interval  filled  up  with  some  fluid     The  action  of  tbe 
nucleus  and  shell  on  the  intervening  fluid,  would  gradiullj 
bring  the  two  to  one  common  motion  of  rotation,  as  maj  be 
inferred  from  the  reasonings  employed  by  Newton  in  his  re- 
marks on  tlie  Cartesian  vortices. 

Leaving  out  this  circumstance,  there  is  only  another  cause 
which  can  aflect,  and  must  aflcct  the  rotation  of  both,  name- 
ly, the  mutual  action  of  the  magnetic  nucleus,  and  the 
masses  of  magnetic  matter  in  the  shell.  If  the  axis  of  rota- 
tion gf  this  nucleus  be  different,  from  the  line  yming^ 
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Hbigneiie  poles,  these  poles  will  have  a  motion  relative  to 
Hne  sliell ;  and  this  tnolion  may  easily  he  coDceived  such  as 
^irill  produce  the  changes  of  magnetic  direction  which  we 
dbserve.  It  may  c\'ea  produce  a  motion  of  the  northern 
magnetic  pole  in  one  diirctiun,  and  of  the  southern  pole  in 
thi;  oppo!»ite  direction,  and  this  with  the  appearance  of  dif- 
ferent periods  of  rotatioi),  as  supposed  by  Mr.  Churchman. 
Wc  may  here  ohserw,  by  the  way,  that  the  change  of  mag- 
netic direction  in  this  country  is  not  nearly  so  great  as  is 
commonly  imagined.  The  horiisontal  needle  haa  hhiftcd  its 
position  about  35"  at  London  since  1585  ;  but  the  point  of 
the  dipping  needle  has  not  changed  10".  We  may  also  ob- 
serve, that  when  the  pole  of  the  central  magnet  changes  its 
pUcc,  the  magnetism  of  an  extensive  stratum,  influenced  by 
it,  may  so  alter  its  dispoution,  as  to  change  the  position  of 
the  compass  needle  in  the  opposite  din'ctioii  to  that  of  the 
change  which  the  central  magnet  alone  would  induce  un  it. 
But  as  motions  have  not  yet  been  assigned  to  this  nu- 
ideus,  which  ({uadrale  with  the  observed  positions  of  the 
needle,  and  as  the  very  existence  of  it  is  hypothetical,  it  may 
not  be  amiss  to  examine,  whether  such  a  change  of  variation 
may  not  be  expi^ned  by  what  we  know  of  the  laws  of  mag- 
netism, and  of  the  intcnml  constitution  of  this  earth  ? 

I.  It  is  pretty  certain,  that  the  veins  in  which  loadstones 
mre  found  are  not  parts  of  the  great  magnet.  This  appears 
firom  their  having  two  poles  while  in  the  mine,  and  also  from 
the  very  small  depth  to  which  man  has  been  able  to  pene- 
tnte.  When  wecompare  the  positions  of  the  dipping  needle 
with  those  of  a  small  needle  near  a  magnet,  we  must  infer, 
that  the  poles  are  very  far  below  the  surface. 

Vet  ne  know,  that  there  are  magnetisable  strata  of  very 
great  extent  occupying  a  very  considerable  portion  of  tlie 
L'xteTnal  covering.  Though  their  bulk  and  absolute  power 
naj  be  small,  when  compared  with  those  of  the  great  mag- 
net, yet  their  greater  %-icinity  to  the  needles  on  which  obser- 
vautns  are  made,  may  give  them  a  very  sensible  influence, 
la  \h'a  way  may  a  great  deal  of  the  observed  irregularities 
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of  the  poeitioQs  of  the  needle  be  eooouiUed  fpr.     luth^Lft- 
goon  at  Teperiflle,  Femai  observed  the  variation  )3«  30" 
west  in  1784,  while  at  the  head  of  die  island  it  was  only  5^ 
The  dip  at  the  JLagoon  was  63^  90',  greatly  surpassing  what 
>iras  observed  in  the  neighbourhood.     MuUer  found,  in  the 
mountains  of  Boiieniia,  great  and  desultory  differeiioes  of  de* 
dination,  amounting  sometimes  to  50^.     At  Mantua,  the 
variation  in  1758  was  12« ;  while  at  Bononia  and  Brixiait 
was  nearly  18^.     Great  im^larities  were  observed  by 
(ioete  in  the  Gulph  of  Finland,  eq)eciaUy  near  the  island 
of  Sussari,  among  some  rocks :  on  one  of  theses  the  needle 
shewed  no  polarity.     Capt^n  Cook  and  Captain  Phipps 
observed  differences  of  10^,  extending  to  a  considerable  dis- 
tance, on  the  west  coasts  of  North  America.    In  the  neigh« 
bourhood  of  the  island  Elba  in  the  Mediterranean,  the  po* 
sition  of  the  needle  is  greatly  affected  by  the  iron  strata,  in 
which  that  island  so  much  abounds.   In  this  ooantry,  iheri 
are  also  observed  small  deviations,  which  extend  over  con- 
siderable tracts  of  country,  indicating  a  great  extent  of  itrstt 
tlut  are  weakly  magnetic.     Since  such  strata  receive  their 
magnetism  by  induction,  in  a  manner  similar  to  a  bar  of  hsid 
steel,  and  since  we  know  that  this  receives  it  gradually,  if 
may  very  probably  happen,  that  a  long  series  of  yean  mi; 
elapse  before  the  magnetism  attains  its  ultimate  dispoatiflD. 

Here,  then«  is  a  necessary  change  of  the  magnetic  dii» 
tion;  and  although  it  may  be  very  different  in  diffoMt 
places,  according  to  the  disposition  and  the  power  of  tbov 
strata,  tlicre  must  be  a  general  vergency  of  it  one  way. 

2.  It  is  well  known  that  all  metals,  and  particulariy  iWi 
are  iu  a  pnigress  of  continual  production  and  demrtiBha- 
tion.  The  veins  of  metak,  and  more  particulariy  thoie  of 
iron,  art  evidently  of  posterior  date  to  that  of  the  rocbin 
which  they  are  lodged.  Chemistry  teaches  us*  by  the  wy 
nature  of  the  substances  whkh  compose  them,  that  lkf«e 
in  a  state  of  continual  change.  This  is  another  came  of 
cJuuige  in  the  magnetic  direetioo.  Nay,  we  know  that  wm 
of  them  liave  suddenly  changed  their  situatioo  by  csiA- 
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quakes  and  volcanoeB.  Some  of  the  streams  of  lava  from 
Vesuvius  and  iBtna  abound  in  iron.  This  hos  greatly  chan- 
ged its  situation ;  and  if  the  strata  from  which  it  proceeded 
ivere  magnetical,  the  needle  in  its  neighbourhood  must  be 
affected  Nay,  subterranean  heat  alone  will  effect  a  change, 
by  chanpng  the  magnetism  of  the  strata.  Mr.  Laevog,  royal 
astronomer  at  Bessestedt  in  Iceland,  writes,  that  the  great 
eruption  from  Hecla  in  1783,  changed  the  direction  of  the 
needle  aiat  degrees  in  the  immediate  neighbourhood.  This 
change  was  produced  at  a  milTii  distance  from  the  frozen 
Java ;  and  it  diminished  to  two  degrees  at  the  distance  of  24. 
miles.  He  oould  not  approach  any  nearer,  on  account  of 
the  heat  still  remaining  in  the  lava,  after  an  interval  of  14 
months* 

Afl  these  causes  of  change  in  the  direction  of  the  mariner^s 
needle  must  be  partial  and  irregular.  But  there  is  another 
eanae  wluch  is  oosmical  and  universal.  Dr.  Halley's  su|)- 
peaitioii  of  fimr  poles,  or,  at  least,  the  supposition  of  irregu- 
lar aad  JfViscd  poles,  seems  the  only  thing  that  will  agree 
widi  die  obssrrations  of  declination.  We  know  that  all  mag- 
Mtism  ef  this  kind  (that  is,  disposed  in  this  manner)  has  a 
natural  tendency  to  change.  The  two  northern  poles  may 
have  the  same  or  opposite  polarities.  If  they  arc  the  same, 
diair  aetion  on  eadi  other  tends  to  diminish  the  general  mag- 
and  to  cause  the  centre  of  effort  to  approach  the 
of  the  magnet.  If  they  have  opposite  polarities,  the 
effiect  will  be  produced.  The  general  magnetism 
of  cadi  will  inorease,  and  the  pole  (or  its  centre  of  effort) 
will  apfmodi  to  the  surface.  In  either  of  these  cases,  the 
aoflqpound  magnetism  of  the  whole  may  change  exceeding* 
ly^'bjr  a  change  by  no  means  considerable  in  the  magnetism 
pur  of  poles.  It  is  difficult  to  subject  this  to  calcu- 
(  but  the  reader  may  have  very  ocmvindng  proof  of  it, 
hf  taking  a  strong  and  a  weaker  magnet  of  the  same  length, 
aad  ane  of  tliem,  at  least,  of  steel  not  harder  than  spring 
teaqper.    -Lay  them  across  each  other  like  an  acute  letter 
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X ;  and  tlien  place  a  compass  needle,  so  that  its  planeof  roA 
tation  may  be  perpendicular  to  the  plane  of  the  X.  Note 
exactly  the  position  in  which  the  needle  settles.  In  a  few 
minutes  after,  it  will  be  found  to  change  oonsiderably,  al- 
though no  remarkable  change  has  yet  happened  to  the  mag< 
nets  themselves. 


311.  We  flatter  ourselves,  that  our  readers  will  grant  that 
the  preceding  pages  contalff  what  may  justly  be  called  a 
theory  of  magnetism,  in  as  much  as  we  have  been  able  to  iO" 
dude  every  plienomenon  in  one  general  fact,  the  induction 
of  magnetism ;  and  have  given  such  a  description  of  tliat 
fact  and  its  modifications,  tliat  wc  can  accurately  predict 
what  will  be  tlie  appearances  of  magnets  and  iron  put  into 
any  desired  situation  with  respect  to  each  other. 

But  it  is  not  easy  to  satisfy  human  curiosity.  Men  have 
rven  investigated,  or  sought  for  causes  of  the  perseverance 
of  matter  in  its  present  condition.  We  have  not  been  con- 
tented with  Newton  s  theory  of  the  celestial  motions^  tod 
have  sought  for  the  cause  of  that  mutual  tendency  which  he 
called  gravitation,  and  of  which  all  the  motions  are  particu- 
lar instances. 

Philosophers  have  been  no  less  inquisitive  after  what  may 
be  the  cause  of  tliat  mutual  attraction  of  the  dissimilar  poles, 
and  the  repulsion  of  the  similar  ]X)lcs,  and  that  fiiculty  of 
mutual  impregnation,  or  excitement,  wliich  so  remarkaUf 
distinguish  iron,  in  its  various  states,  from  all  other  substao- 
cT!?.  Tho  action  of  bodies  on  each  other  at  a  distance,  has 
appeared  to  them  an  al)surdity,  and  all  have  had  reooune 
to  some  material  intermedium.  The  phenomenon  of  the  ar- 
rangement of  iron  liliujOfs  is  extremely  curious,  and  natuzil- 
ly  engages  the  attention.  It  is  hardly  possible  to  lookatit 
without  the  tliought  arising  in  the  mind  of  a  stream  imUDg 
from  one  pole  of  the  magnet,  moving  round  it,  entering  by 
the  other  pole,  and  again  issuing  from  the  former  outlel 
Accordingly,  this  notion  has  been  entertained  from  the  ear- 
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licat  times,  and  different  speculatists  have  had  different  ways 
of  oonoeiving  how  thb  stream  operated  the  effects  which  we 

observe. 

The  simplest  and  most  obvious  was  just  to  make  it  act  like 
any  other  stream  of  fluid  matter,  by  impulsion.    Impulsion 
is  the  thing  aimed  at  by  all  the  speculatists.     They  have  a 
notion,  that  wc  conceive  this  way  of  communicating  motion 
^ith  intuitive  clearness,  and  that  a  thing  is  fully  explained 
when  it  can  be  shewn  that  it  is  a  case  of  impulsion.     Wc 
have  considered  the  authority  of  these  explanations  in  the 
article  IicraLSioM,  in  the  SuppL  to  the  Emj^cl.  Brit,  and 
need   not  repeat  our  reasons  for  refusing  it  any  pre- 
eminenca     But  even  when  we  have  shewn  the  pheno- 
mena  to  be   cases  of  impulsion  by  such  a  stream,   the 
greatest  difficulty,   the  most  curious  and  the  most  em- 
barrassing, is  to  ascertain   tlie  sources  of  this  impulsive 
motion  of  the  fluid — How,  and  from  what  cause  docs  it 
begin?   What  forces  bend  it  in  curves  round  the  mag- 
net?   Those  philosopiicrs,    whose  principle  obliges  them 
to  explain  gravitation  also  by  impulse,  must  have  another 
stream  to  impel  this  into  its  curves.     Acting  by  impul- 
sion, this  magnetic  stream  must  lose  a  quantity  of  mo- 
tion equal  to  what  it  communicates.      What  is  to  restore 
this?  What  directs  it  in  a  particular  course  through  the 
magnet  ?  And  what  is  it  that  can  totally  alter  that  course 
a  moment— in  all  the  phenomena  of  induced  'magnet- 
?  How  docs  it  impel  ?  Lucretius,  either  of  himself,  or 
qpeaking  after  die  Greek  philosophers,  makes  it  impel,  not 
the  iron,  but  die  surrounding  air,  sweeping  it  out  of  the 
way;  and  thus  giving  occasion  for  the  surrounding  air  to 
rush  around  the  magnet,  and  to  liurry  the  bits  of  iron  to- 
ward it.     There  is,  perhaps,  more  ingenious  refinement  in 
this  thought  than  in  any  of  the  impulsive  theories  adopted 
flinoe  his  day  by  Des  Cartes,  Euler,  and  odier  great  philo- 
aophers :  But  it  is  sagaciously  remarked  by  D.  Gregory,  in 
his  MS.  notes  on  Newton,  that  this  theory  of  Lucretius  fall> 
to  the  ground ;  because  the  experiments  succeed  just  as  well 
under  water  as  in  the  air.     As  to  the  explanations.,  or  dc- 
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scriptions,  of  the  canals  and  their  dock  gates^  opening  in  onr 
direction^  and  shutthig  in  the  other,  oonstmotioBs  that  are 
changed  in  an  instant  in  a  bar  of  iron,  by  changing  the  po* 
sitien  of  the  magnet,  we  onlj  wonder  that  men,  who  have  a 
reputation  to  lose,  should  ever  haeard  such  txude  §aA  ua- 
mecbanical  dreams  before  the  public  eyew  The  mind  of  nua 
cannot  oonceiye  the  possibility  of  their  fomation;  and  if 
^ej  are  really  formed,  the  effects  should  be  the  very  eppa- 
site  of  those  that  are  observed :  the  stream  shoaMmovethflie 
bodies  least  which  a£brd  ready  channels  fer  Ha  pn  mage.  If  a 
ragof  iron  filings  be  arranged  by  the  impulaon  of  such  astnaaii 
it  should  be  carried  along  by  it ;  and  if  it  is  mpdUimumi 
one  end  of  the  magnet,  it  should  be  impelled/ivii  the  other 
end.    Since  we  now  know,  that  each  particle  of  filings  is  a 
momentary  magnet,  we  must  allow  a  umihur  itream  whirt- 
ing  round  each.     Is  that  an  explanation,  winch  exceeds  aB 
power  of  conception  ? 

But  has  it  ever  been  shewn,  that  there  b  any  imptddflB 
at  aD  in  these  phenomena  ?  Where  is  the  impelKag  sab- 
stance  ?  The  only  argument  ever  offered  for  itsexisteattii^ 
that  we  are  reserved  that  the  phenomena  of  magnetism  dttH 
be  produced  by  impulsion,  and  the  arrangement  of  ivDB  fl- 
ings looks  somewhat  like  a  stream.  But  enough  of  this.  We 
trust  that  we  have  sliewn  the  way  in  which  this  amngeaiat 
obtains  in  the  clearest  manner.  Every  particle  beoanes 
magnetic  by  induction.  This  is  a  fint,  which  sets  all  i«- 
soning  at  defiance.  The  polarity  of  each  rag  is  so  di^md 
that  th^r  adjoining  ends  turn  to  each  other.     This  is  wto- 


ther  uncontrovertible  fact.     And  these  two  facts  explain  ik     j 
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whole.     The  arrangement  of  iron  filings,  therdbne,  ii  t 

.secondary  fact»  depending  on  principles  more  general;  wi  \ 

therefore  cannot«  consistently  ^ith  just  logic,  be  assumeds  i 

the  foundation  of  a  tlieon*.  ' 

Had  magnetism  exhilMted  no  phenomena  beades  die  tf  ^ 

trai*tion  and  repulsion  of  magnets,  it  is  likely  that  weAcM  i 

iwl  have  procotxied  \erj-  far  in  our  theories,  and  woaM  hsie  ^ 
contonted  our^Ives  with  reducing  the^e  phenomena  toArir 
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mofit  geoeral  laws.    But  the  commuiiicatioa  of  magnetism 
seeiQB  a  great  mjstery.    The  simple  approach  of  a  magnet 
conmuBieates  these  powers  to  a  piece  of  iron ;  and  this  witli- 
«Mit  any  diminution  c£  its  own  powers.    On  the  contrary, 
be^nning  with  magnets  which  have  hardly  any  sensible  pow- 
Wy  we  can,  by  a  proper  alternation  of  the  manipulations, 
communicate  the  strongest  magnetism  to  as  many  hard  steel 
bavs  as  we  pkaae ;  and  the  ori^nal  magnets  shal)  be  brought 
to  th^  hif^Mt  degree  of  magnetism.    We  have  no  notion 
of  powers  or  fiKnilUes,  but  as  qualities  of  some  substances  in 
whidi  they  are  inherent     Yet  here  is  no  appearance  of 
something  abstracted  from  one  body,  and  communicated  to,  or 
ahaied  with  another.  The  process  is  like  kindling  a  great  fire 
by  a  ainplmipark;  here  is  no  communicauon,  but  only  occasion 
givaa  to  the  exertion  of  poiivers  inherent  in  tlie  combustible 
natter.    It  appears  probable,  that  the  case  is  the  same  in 
magDetifln ;  and  that  all  that  is  performed  in  making  a  mag- 
net it  the  fluilement  of  powers  already  in  the  steel,  or  the 
pTing  noBnaion  for  their  exertions ;  as  burning  the  thread 
which  ties  together  the  two  ends  of  a  bow,  allows  it  to  un* 
bend.    Thia  notion  did  not  escape  the  sagacity  of  Dr.  Gil- 
bert ;  and  be  is  at  much  pains  to  shew,  that  the  coitio  mag* 
wdiea  ia  a  quaUty  inherent  in  all  magnetical  bodies,  and  on- 
ly requiiea  the  proper  circumstance  for  its  exertion.     He  is 
not  Tevy  fortunate  in  his  attempts  to  explain  how  it  is  dcvc* 
loped  by  the  vicinity  of  a  magnet,  and  how  tliis  faculty,  or 
mttatl  exertion  of  this  power,  becomes  permanent  in  one 
body,  while  in  another  it  requires  the  constant  presence  of 
^henagnet, 

Jl  ia  to  Mr.  iEpinus,  of  the  Imperial  Academy  of  St. 
Petaabuigh,  that  we  are  indebted  for  the  first  really  phikv 
odptueal  attempt  to  explain  all  these  mysteries.  We  men- 
tioned^  uodiBt  Electricity,  the  circumstance  which  sug- 
thc  first  hint  of  this  theory  to  iBpinus,  vis.  the  re* 
between  the  attractions  and  repulsions  of  the 
CowiBaline  and  of  a  magnet.     A  material  rapse  of  the  elec* 
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trie  phenomena  had  long  been  thought  familiar  to  the  philo- 
sophers. They  had  attributed  them  to  a  fluid  which  they 
called  an  electric  fluid,  and  which  they  conceived  to  be  shared 
among  bodies  in  different  proportions,  and  to  be  transfenble 
from  one  to  another.  Dr.  Franklin's  theory  of  the  Leyden 
phial,  which  led  him  to  think  that  the  facuhy  of  producing 
the  electrical  phenomena  depended  on  the  defldencv  aswdl 
as  the  redundancy  of  this  fluid,  combined  with  the  pheno- 
mena of  induced  electricity,  suggested  to  iEpinus  a  very  per- 
spicuous method  of  stating  the  analogy  of  die  tourmaline  and 
the  magnet ;  which  he  published  in  1758  in  a  pa^r  read  tu 
the  academy. 

Reflecting  more  deeply  on  the^e  things,  Air.  iEpinus  came 
by  degrees  to  perceive  the  perfect  similarity  between  all  the 
phenomena  of  electricity  by  position  and  those  of  magneto 
ism ;  and  this  led  him  to  account  for  tliemin  the  same  man* 
ner.     As  the  phenomena  of  the  Leyden  phial,  explained  in 
Frankliu'^s  manner,  shews  that  a  body  may  appear  electriad 
all  over,  by  having  less  than  its  natural  quantity  of  the  dec* 
trie  fluid,  as  well  as  by  having  more,  it  seemed  to  fi^r, 
that  it  may  also  be  so  in  respect  to  different  parts  of  the  same 
body ;  and  therefore  a  body  may  become  electrified  in  oppc^ 
site  ways  at  its  two  extremities,  merely  by  abstracting  the 
fluid  from  one  end,  and  condensing  it  in  tlie  other;  and 
thus  may  be  expltuucd  tlie  phenomena  of  induced  electricitjr, 
where  nothing  appears  to  ha%'e  been  communicated  from  one 
body  to  the  other.     If  this  be  the  case,  the  two  ends  of  t 
iiody  rendered  electric  by  induction  should  eschibit  the  same 
distinctions  of  phenomena  that  are  exhibited  by  bodks 
wholly  redundant  and  wholly  defident.     The  redundant 
ends  should  repel  each  other ;  so  siiould  the  deficient  endsr; 
and  a  redundant  part  should  attract  a  deficient.     All  these 
results  of  the  coiTJecture  tally  exactly  with  observation,  and 
give  a  high  degree  of  probability  to  the  conjecture.    The 
similarity  of  tliese  phenomena  to  the  attractions  of  tfaediasi^ 
milar  poles  of  a  magnet,  and  the  repulsions  of  the  similar 
]X)Ies,  is  so  striking,  that  the  same  mode  of  explanation* 
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faices  itself  on  the  mind,  and  led  Mr.  yEpinus  to  think,  that 
the  faculty  of  producing  the  magnetical  phenomena  belong- 
ed to  a  magnetical  fluid,  residing  in  all  bodies  susceptible  of 
magnetism ;  and  that  the  exertion  of  this  faculty  requires  no- 
thing but  the  abstraction  of  the  fluid  from  one  end  of  the 
magnetic  bar,  and  its  constipation  in  the  other.  And  tliis 
ooiqecture  was  confirmed  by  observing,  that  in  the  induction 
of  magnetism  on  a  piece  of  iron,  the  power  of  the  magnet  is 
not  diminished. 

All  these  circumstances  led  Mr.  yEpinus  to  frame  the 
following  hypotliesis : 

^  1.  There  exists  a  substance  in  all  magnetic  bodies,  which 
may  be  called  the  magnetic  fluid ;  the  particles  of  which 
rqpel  each  other  with  a  force  decreasing  as  the  distance  in- 
creases. 

2.  The  particles  of  magnetic  fluid  attract,  and  arc  at- 
tracted by  the  particles  of  iron,  with  a  force  that  varies  ac- 
cording to  the  same  law. 

3.  The  particles  of  iron  repel  each  other  according  to  the 
same  law. 

4.  The  magnetic  fluid  moves,  without  any  considerable 
obstruction,  tl^rough  the  pores  of  iron  and  soft  steel ;  but  is 
more  and  more  obstructed  in  its  motion  as  the  steel  is  tern- 
pered  harder;  and  in  hard  tempered  steel,  and  ui  the  orc^ 
of  iron,  it  is  moved  with  the  greatest  difficulty. 

Id  consequence  pf  this  supposed  attraction  for  iron,  the 
fluid  nuiy  be  contained  in  it  in  a  certain  determinate  quanti- 
ty. This  quantity  will  be  such,  that  the  accumulated  at- 
traction of  a  particle  for  all  tlic  iix)n  balances,  or  is  ecjual 
to^  the  repulsion  of  all  the  fluid  which  the  iron  contains. 
The  quantity  of  fluid  competent  to  a  particle  of  iron  is 
Mippoficd  to  be  such,  that  the  repulsion  exerted  between 
it  and  tlie  fluid  competent  to  another  particle  of  iron  is 
^80  equal  to  its  attraction  for  that  particle  of  iron :  And 
therefore  the  attraction  between  the  fluid  in  an  iron  bar  A 
for  the  iron  of  another  bar  B,  is  just  equal  to  its  repulsi^i: 
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for  the  fluid  in  B;  it  is  also  equal  to  the  repulaioa  of  the 
iron  in  A  for  the  iron  in  B.  This  qnintitj  of  fluid  raidiii^ 
in  the  iron  may  be  calkd  its  vatueal  ^uawtitt. 

In  coDieqence  of  the  mobility  through  the  pom  of  the 
iron,  the  magnetic  fluid  may  be  abstracted  from  obe  cad 
of  a  bar,  and  condensed  in  the  other,  by  the  agency  oft 
proper  external  force.  But  this  is  a  Tkdent  sUte.  The 
mutual  repulsion  of  the  particles  of  condensed  fluid,  sad 
the  attraction  of  the  iron  which  it  has  quitted,  tend  to  pro* 
duce  a  more  uniform  distribution.  If  we  reflecst  on  the  lav 
of  action,  we  shall  clearly  perceive,  that  aomewfaet  ef  this 
tendency  must  obtain  in  every  state  of  oondeDsatioo  anda 
rarefaction,  and  that  there  can  be  a  perfeet  equffihrium 
only  when  the  fluid  is  diffused  with  perfect  uinfartuty. 
This,  therefore,  may  be  called  the  natural  stats  eftfae 
iron. 

If  the  resistance  opposed  by  the  iron  to  the  modonof  the 
magnetic  fluid  be  like  that  of  perfect  fluids  to  the  motioD  of 
solid  bodies,  arising  entirely  from  the  commuiucatioa  of 
motion,  there  is  no  tendency  to  uniform  diffusion  so  weik 
as  not  to  overcome  such  resistance,  and  finally  to  produce 
this  uniform  distribution.  But  (as  is  more  probaUe)  if  the 
obstruction  resembles  that  of  a  datnmy  fluid,  or  of  a  soft 
plastic  body  like  clay,  some  of  the  accumulation,  produced 
by  the  agency  of  an  external  force,  may  remain  when  tbe 
force  is  removed ;  the  diffusion  will  cease  whenever  the 
equalising  force  is  just  in  equilibrio  with  the  obstruction. 

All  the  preceding  circumstances  of  the  hjrpothesis  are  id 
perfectly  analogous  to  the  hypothesis  of  Mr.  iEpinus  fbr 
explaining  the  electrical  phenomena,  which  is  given  in  d^ 
tail  under  Electuicity,  that  it  would  be  superfluous  to 
enter  into  a  minute  discusrion  of  their  immediatEe  vaults. 
We  therefore  beg  the  reader  to  peruse  that  part  of  the  srticle 
Electricity  where  the  elements  of  iEpinus's  hypothesis  ift 
delivered,  and  the  phenomena  of  induced  electrici^exphia* 
ed^(viz.  from  §  II.  to  60.  inclusive),  and  to  suppose  tbe 
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duoourse  to  relate  to  the  magnttkal  fluid.  Let  N,  S,  it,  s^ 
bt  eonsidered  as  the  overcharged  and  undercharged  parts  of 
a  fnagnetical  body,  or  the  poles  of  a  magnet,  and  of  iron 
ignetical  by  induotion.  We  aliall  confine  our 
in  this  place  to  those  circumstances  in  which 
the  mcbbaBical  phenomena  of  magnetism  are  limited  by  the 
dieumstanat,  that  magnets  alfrays  contain  their  natural 
quantity  of  fluid ;  so  that  their  action  on  iron,  and  on  each 
odier,  dapcnds  entirely  on  its  unequable  distribution ;  as  is 
the  ease  irith  faidttGed  electricity. 

318.  Let  Che  magnet  NAS  (Plate  IV.  fig.  13.),  having  its 
BBVth  ]Mle  NA  overcharged,  be  set  near  to  the  bar  n  b  s  of 
eomnw  iioiiy  and  let  their  axes  form  one  straight  line.  Then 
(es  in  the  case  of  electrics)  the  overcharged  pole  NA  acts 
en  &e  bat  B  only  by  means  of  the  redundant  fluid  which 
it  eontaini.  For  that  portion  of  its  fluid,  which  is  just  suf* 
fidcat  for  latanting  the  iron,  will  rcpcl  the  fluid  in  B  just 
aa  ittodi  as  the  iron  in  NA  attracts  it ;  and  therefore  the 
fluid  in  B  sustains  no  change  from  this  portion  of  the  fluid 
ia  NA.     In  fike  manner,  the  pole  SA  acts  on  B  only  in 

of  the  iron  in  S A,  which  is  not  saturated  or 
by  its  equivalent  fluid. 
If  the  fluid  in  B  is  immoveable,  even  the  rediindsint  fluid 
in  NAf  and  the  redundant  iron  in  SA,  will  produce  no 
effect  on  it:  For  every  particle  of  iron  in  B  is  ac- 
by  as  much  fluid  as  will  balance,  by  its  rrpulsion*; 
and  attmctions,  the  attractions  and  repulsions  of  the  equi- 
distant particle  of  iron.     But  as  the  magnetical  fluid  in  B  is 
supposed  to  be  easily  moveable,  it  will  be  repelled  by  the 
tedundant  fliud  in  AN  toward  the  remote  extremity  n,  till 
the  leaiitanoc  that  it  meets  with,  joined  to  its  own  tendency 
te  unifimn  diffusion,  just  balances  the  repulsion  of  AN. 
This  tendency  to  uniform  diffusion  obtains  as  soon  as  any 
Amdquhs  its  place;  as  has  been  sufficiently  explained  under 
SLMrraicxTY,  §  16,  17. 

But,  at  the  aame  time,  the  redundant  iron  in  AS  attract^ 
the  fluid  in  B,  and  would  abstract  it  from  B  n,  and  condense 
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it  into  B  8.    This  attraction  opposes  the  repulsion  now  mai« 
tioned.     But,  because  AS  is  more  remote  from  every  point 
of  B  than  AN  is  from  the  same  pmnt,  the  repulsions  of  the 
redundant  fluid  in  AN  will  prevail ;   and,  on  the  whole, 
fluid  will  be  propelled  toward  n,  and  will  be  rarefied  on  the 
part  B  8.     But  as  to  what  will  be  the  law  of  distribution, 
both  in  the  redundant  and  deficient  parts  of  B,  it  it  plain 
that  nothing  can  be  said  with  preciaon.     This  must  depend 
on  the  distribution  of  the  fluid  in  the  magnet  NAS.     The 
more  diffused  that  we  suppose  the  redundant  fluid  and  mat- 
ter in  the  magnet,  the  farther  removed  will'  the  centres  of 
efibrt  of  its  poles  be  from  their  extremities ;  the  smaller  will 
be  the  action  of  AN  and  AS,  the  smaller  will  be  thdr  dif- 
ference of  action ;  and  therefore  the  smaller  will  be  the  con- 
densation in  B  n,  and  the  rarefaction  in  B  t. .    Hence  we 
learn,  in  the  outset  of  this  attempt  to  explanation^  that  the 
action  of  a  magnet  will  be  so  much  the  greater  as  its  poles 
are  more  concentrated.     This  is  agreeable  to  observmtioD, 
and  gives  some  credit  to  the  hypothesis.     We  can  just  stt^ 
in  a  very  general  manner,  that  the  fluid  will  be  rarer  than 
its  natural  state  in  «,  and  denser  in  n ;  that  the  dumge 
of  density  is  gradual,  and  that  the  density  may  be  represent- 
ed by  the  ordinates  of  some  line  cb  dy  (Plate  IV.  fig.  13.) 
while  the  natural  density  is  represented  by  the  ordinaUt 
to  the  line  C  &  D,  parallel  to  sn.     There  will  be  some  point 
B  of  the  iron  bar,  where  the  fluid  will  be  of  its  natural  den- 
sity, and  the  ordinate  B  b  will  meet  the  line  c  &  d  in  the 
point  of  its  intersection  with  CD. 

All  this  action  is  internal  and  imperceptible.  Let  us  in- 
quire what  will  be  the  sensible  external  action.  There  is  a 
superiority  of  attraction  towards  the  magnet :  For  since  the 
magnetic  action  is  supposed  to  diminish  continually  by  aa 
increase  of  distance,  the  curve,  whose  ordinates  represent 
the  forces,  has  its  convexity  toward  the  axis.  Also,  the 
force  of  the  poles  AN,  AS  are  equal  at  equal  distances : 
For,  by  the  hypothesis,  the  attraction  and  repulnon  of  an 
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iitdjvidual  particle  arc  equjil  at  equal  distances;  and  the 
condensation  in  AN  is  equal  to  the  deficiency  in  AS,  by  tlie 
same  hypotlieais ;  because  \AS  still  contains  its  natural 
quantity  of  fluid.  Therefore  the  action  of  both  poles  may 
be  expressed  by  the  ordinaits  oi'  the  same  curve,  and  tliey 
will  dilTcr  only  by  reason  of  their  distances.  We  may  there- 
fore express  the  actions  by  the  four  ordinate^  M  m,  F  p,  N  n, 
Q  q,  of  Plate  III.  fig,  2.  ;  of  wliich  the  property  (deduced 
from  the  single  circumstance  of  its  being  convex  toward  the 
axis)  is,  (liat  M  m  +  Q  y,  is  greater  that  P  p  +  N  n.  There 
is  iht-refore  a  surplus  of  attraction.  It  is  only  this  surplus 
that  is  perceived.  The  fluid,  moveable  bi  B,  but  retained 
by  it  so  as  not  to  be  allowed  to  escape,  is  pressed  towards 
its  remote  end  n  by  the  excess  V  p  —  Qqoi  the  repulsion 
of  the  redundant  fluid  in  AN,  above  the  attraction  of  the  re- 
dundant iron  in  AS.  This  excess  on  every  parlicle  of  the 
fluid  is  trnnsmltted,  by  the  common  laws  of  hydrostatics,  to 
the  stratum  immediately  incumbent  on  the  extremity  n,  and 
B  is  thus  pressed  away  from  A.  But  every  particle  of  the 
solid  matter  in  B  is  attracted  towards  A  by  the  excess  M  m 
^  N  n  of  the  attraclion  of  the  redundant  fluid  in  AN  above 
the  repulsion  of  the  redundant  iron  in  AS ;  and  this  excess 
b*  greater  than  the  other ;  for  m  4-  9  is  greater  than  p  +n. 
The  piece  of  common  iron  n  B  s  is  therefore  attracted,  In 
em»tqutnct  of  the  fluid  in  it  having  been  propelled  towards 
iu  remote  extremity,  and  disttibuted  in  a  manner  somewhat 
resembling  its  distribution  in  NA3.  Now,  in  tliis  hypothe- 
i,  magnetism  is  hHd  to  depend  entirely  on  the  distnbution 

f  the  fluid.     B  has  therefore  become  a  magnet,  has  mag- 
1  induced  on  it,  and,  only  in  consequence  of  Uiis  in- 

hction,  is  attracted  by  A. 

Had  we  supposed  the  deficient,  or  south  pole  of  A,  to 
liave  been  nearest  to  B,  the  redundant  matter  in  AN  would 
have  attracted  the  moveable  fluid  in  B  more  than  the  re- 
moter redundant  fluid  iu  AS  repels  it:  and,  on  this  ac- 
coiHit,  tlui  magnetic  fluid   would  have   been  constipated 
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in  B  «,  and  rarefied  in  B  it.  It  would,  in  this  case  also,  have 
been  distributed  in  a  manner  similar  to  its  situatJCNi  ia  the 
magnet.  And  B  would  therefore  have  been  •  momen- 
taiy  magnet,  having  its  redundant  pole  frontiiig  the  defi- 
dent  or  dis^milar  pole  of  A.  It  is  jdain,  that  there  would 
be  the  same  surplus  of  attraction  in  diis  aainthefiinneria* 
stance,  and  B  would  (on  the  whole)  be  attracted  ip  eoose- 
quence,  and  only  in  consequence,  of  having  had  a  praperiy 
diqiosed  magnetism  induced  on  it  by  juxtaposition.  The 
sensible  attraction,  in  this  case,  is  a  cattMe^Mtmec  of  the  disdi- 
buUon  now  described  ;  because,  since  the  fluid  constipated 
in  the  end  next  to  A  cannot  quit  B,  the  tendency  iff  this 
fluid  toward  A  must  press  the  solid  matter  of  B  in  this  di- 
rection (by  hydrostatical,  laws)  more  than  this  solid  matter 
is  repelled  in  the  opposite  direction. 

Thus  it  appears,  that  the  hypothesis  tallies  pvedsdy  with 
the  induction  of  magnetism.  ^Ve  do  not  call  this  an  ezpla> 
nation  of  the  phenomenon ;  for  the  hct  is,  that  it  is  the  hy- 
pothesis that  is  explained  by  the  phenomenon :  That  is,  if 
any  person  be  told  that  induced  magnetism  is  produced  bj 
tlie  action  of  a  fluid,  in  consequence  of  its  situation  bong 
changed,  he  will  find,  that  in  order  to  agree  with  the  attnc- 
tion  of  dissimilar,  and  the  repulsion  of  amilar  poles,  he  miirt 
accommodate  the  fluid  to  the  phenomena,  by  giving  it  the 
properties  assigned  to  it  by  ^£pinus. 

314.  But  the  agreement  witli  this  amplest  possihiecne 
of  the  most  sioiple  example  of  induced  magnetism,  isaot 
enough  to  make  us  adopt  the  hypothesis  as  adequate  to  tk 
explanation  of  all  the  magnetic  phenomena-  We  rnnst  cop- 
front  the  hypothesis  with  a  variety  of  observations,  torn 
whether  the  coincidence  will  be  without  exception. 

When  the  key  CB,  in  Plate  III.  fig.  S.  is  brought  hdow 
the  constipated  north  pole  N  of  the  magnet  SAN,  id  trnn 
moveable  fluid  is  propelled  from  C  towards  B,  and  is  & 
posed  in  CB  nearly  after  the  same  manner  as  in  SAN.  UnR' 
fore  the  redundant  fluid  in  the  lower  end  of  the  key  rqris 
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the  mtn-eable  fluid  in  the  wire  BD  more  than  the  redundant 
matter  in  the  upper  end  C  attracts  it ;  and  thus  the  fluid  is 
rarefied  in  the  upper  end  of  the  wire  BD,  and  condensed  in 
its  lower  end  D.  CB  and  BD  therefore  are  two  temporary 
magnets,  having  their  dissimilar  poles  in  contact,  or  nearest 
to  each  other.  This  is  all  that  is  required  for  their  attrac- 
tion. Tliis  efiect  is  promoted  by  the  action  of  N  on  the  wire 
BD,  also  propelling  the  fluid  toward  U ;  and  thus  increasing 
the  mutual  attraction  of  CB  and  BD.  In  like  manner, 
when  the  key  CB  is  held  above  the  magnet,  the  moveable 
fluid  in  it  is  more  attracted  by  the  redundant  matter  in  SA 
than  it  is  repelled  by  the  more  remote  redundant  fluid  in 
AN.  The  same  thing  happens  to  the  fluid  in  the  wire  BD. 
Therefore  CB  and  BD  must  attract  each  other;  and  the 
key  will  carry  the  wire,  although  the  magnet  is  below  it, 
and  also  attracts  it.  This  singularity  proceeds  from  the 
almost  perfect  mobility  of  the  fluid  in  the  two  pieces  of  com- 
mot)  iron,  which  renders  their  poles  extremely  constipated ; 
whereas  the  hardness  required  for  the  fixed  magnetism  of 
the  magnet  prevents  this  complete  constipation  and  rare- 
iactioD.  This  can  be  stricdy  demonstrated  in  the  case  of 
slcoder  rods  of  iron ;  but  we  can  shew,  and  experience  con- 
firms it,  that  in  other  cases,  depending  on  the  shape  and  the 
temper  of  the  pieces,  the  wire  will  not  adhere  to  the  key, 
1)ut  to  the  magnet 

In  the  various  situations  and  positions  of  the  key  and  wire 
represented  in  Plate  III.  fig.  7.  the  actions  of  some  of  the 
poles  on  the  moveable  fluid  in  the  iron  are  oblique  in  regard 
to  the  length  of  the  pieces ;  but,  since  the  moveable  matter 
is  supposed  to  be  a  fluid,  it  will  still  be  propelled  along  the 
pieces,  notwithstanding  their  obliquity,  in  the  same  manner 
■5  gravity  makes  water  occupy  the  lower  endofa  pipe  lying 
obliquely.  If  indeed  the  magnetic  fluid  could  escape  from 
t  iron  without  any  obstruction  by  the  prupuluoo  of  the 
et,  it  could  produce  no  attraction,  or  sensible  motion, 
y^ugM^pra^odv^JIha^^^ 
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demonstrated  of  the  electric  fluid  in  Elbctbicity,  Na  133. 
is  equally  true  here.  AVhy  the  fluid  does  not  eacqpe  when 
it  is  so  perfectly  moveable,  is  a  question  of  another  kind,  and 
will  be  considered  afterwards ;  at  present,  the  kypoihem  is, 
that  it  does  not  escape. 

If  the  key  and  wire  have  the  position  Plate  III.  fig.  10. 
No.  1.  the  fluid  is  expelled  from  the  parts  in  contact,  and  is 
condensed  in  the  remote  ends.  So  far  from  attracUng  each 
other,  the  key  and  wire  must  repel.  They  are  temponry 
magnets,  having  their  similar  poles  fronting  each  other. 
They  must  repel  each  other,  if  presented  in  a  similar  manner 
to  the  south  pole  of  the  magnet 

If  they  be  presented  as  in  No.  2.  Plate  III.  fig.  10.  where 
the  actions  of  both  poles  of  tlie  magnet  are  equal,  the  slate 
of  the  fluid  in  them  will  not  be  affected.  The  redundant 
pole  of  the  magnet  repels  the  moveable  fluid  in  both  the  key 
and  the  wire  toward  tlic  upper  ends :  but  the  deficient  pole 
acts  equally  on  it  in  the  opposite  direction.  It  therefore  I^ 
mains  uniformly  distributed  through  their  substance ;  tnd 
therefore  they  can  exhibit  no  appearance  of  magnetism. 

But  if  the  key  and  wire  be  presented  to  the  some  part  of 
the  magnet,  but  in  another  position,  as  shewn  in  Plate  III. 
fig.  8.  No.  3.  the  fluid  of  the  key  will  be  abstracted  fiomC, 
and  condensed  in  B,  by  the  joint  action  of  both  poles  of  tlie 
magnet.  The  fame  tiling  will  happen  in  the  wire  BD.  Here^ 
therefore,  we  have  two  magnets  with  their  dissimilar  poks 
touching.  They  will  attract  each  other  strongly;  and  if 
carried  gradually  toward  tlie  upper  or  lower  end  of  tk 
magnet,  they  will  separate  before  the  point  B  arrives  abmit 
of  N  or  S.  For  similar  reasons,  the  pieces  of  iron  pnKBt* 
ed  to  the  middle  of  the  magnet,  as  in  Plate  III.  %.  10. 
will  have  one  side  a  weak  north  pole,  and  the  other  sides 
weak  south  pole ;  but  this  will  not  be  conspicuous^  unkss 
the  pieces  be  broad. 

This  experiment  shews,  in  a  very  per^cuous  nuoKri 
the  competency  of  the  hypothesb  to  the  explanation  of  die 
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phrnoincna.     Wlien  the  fluid  is  not  moved,  magnetism  i« 
pot  induced,  even  on  the  most  susceptiLle  substance. 

When  a  piew  of  iron  A  (Plate  III.  tig.  10.))  nfarly  n^ 
large  a8  the  magnet  can  carry,  hangs  at  either  pole,  a  larnie 
[liece  ol'iron  B,  broiiglit  near  to  the  [Kjle  on  the  other  side, 
should  cause  it  immediately  to  (all.  It"  S  he  the  defidenl 
pule,  it  causes  the  fluid  in  A  to  ascend  to  ilie  top,  and  A  is 
attracted ;  hut,  for  the  same  rcawn,  it  causes  the  fluid  in  B 
to  accumulate  in  its  lower  end.  This  redundant  Huid  must 
evidently  counteract  the  redundant  matter  in  S,  in  the  in- 
duction of  tiie  magnetic  state  on  A.  Being  more  remote 
irom  A  than  S  i.s  it  cannot  wholly  prevent  the  accumulation 
io  the  upper  end  of  A;  but  it  renders  it  so  trifling,  that  the 
moaining  attraction  thence  arising  cannot  sup[x>rt  the  weight 
of  A-     This  IS  a  very  instructive  experiment. 

But  if,  on  the  contrary,  we  bring  a  large  piece  tif  iron  C 
below  the  heavy  key  A,  this  piece  C  will  have  its  fluid  ac- 
cumulated in  its  upper  end,  both  by  tlie  action  of  A  on  ii, 
and  by  the  action  of  the  magnet.  The  attraction  of  the 
magnet  for  A  should  therefore  Im  augmented  ;  and  a  mag- 
net should  carry  a  heavier  lump  of  iron  when  a  great  lump 
ft.beyoud  iu  Aud  it  is  clear  (we  think),  fur  similar  reasons, 
Rihe magnetism  of  the  magnet  itself  in  Plate  III.  fig.  II. 
1  be  increased  Ity  bringing  a  great  lump  of  iron  near 
h  opposite  pole  :  for  tiie  magnet  differs  from  common  irnn 
only  ill  the  degree  of  the  mobility  of  its  fluid. 

When  a  compass  needli;  is  placed  opposite  to  the  redund- 
ant pole  N  of  a  magnet  AN  (Plate  IV.  lig.  14.),  it  arranges 
itself"  magnetically.    If  a  piece  of  common  iron  be  now  pre- 
joiiled  laterally  to  the  near  point  of  the  needle,  tlie  redund- 
ant matter  in  the  adjoining  parts  of  the  needle  and  the  iron 
should  make  ihem  rt|)el ;  but  if  presented  to  the  remote 
I       L-wl,  the  redundant  matter  in  tlic  iron  should  attract  the  re- 
^Hdwdant  fluid  in  that  end  of  the  needle,  and  tliat  end  should 
^^Bn  toward  the  iron. 

^^^^A  parcel  of  slender  iron  wires,  carried  by  the  pole  of  a 
^^■mS)  m  in  Plate  IV.  tig.  la.  should  avuid  each  other.   If 
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N  be  the  redundaiit  poky  tbe  fluid  in  each  vive  win  be  drifCB 
to  the  remote  end,  where  it  mat  lepel  the  ■milarlyHtoiledl 
fluid  of  its  neighbour.  The  mme  CKtemd  appenunce  most 
be  exhibited  by  pieces  of  wire  faang^afetlie  deficient  pok 
of  the  magnet 

The  redundant  pole  of  a  magnet  A  (Plate  lY.  flg.  1&) 
bong  hdd  vertically  above  the  centre  of  two  pieoea  of  eom- 
mon  iron,  moveable  round  a  slender  pin,  rcndcnAemUUDe 
of  each  deficient,  and  their  extremities  rednadant ;  thoe- 
fiice  they  should  repel  each  other,  and  wpnad  oat  The 
same  effect  should  be  produced  by  the  mider  chaiged  pole 
of  A. 

The  redundant  pole  of  a  magnet  A  being  sppliid  to  one 
branch  of  the  pece  of  forked  iron  NCS  (Fkls  IV.  fig.  17.)> 
should  drive  the  fluid  into  its  remote  parts  C,  and  Aen  the 
branch  NC  should  be  able  to  induce  the  BH^gnctie  state  co 
afaitofirooD.  But  if  the  deficient  pole  S  of  another  msg- 
net  B  be  applied  to  the  other  brandi,  dieae  two  adioBi 
should  counteract  each  other  at  C,  and  the  iron  ahoold  ie> 
main  indifferent,  and  fidl. — ^Yet  the  magnet  B  alone  wdhU 
equally  cause  C  to  carry  the  piece  of  iron. 

It  is  surdy  unnecessary  to  demonstrate^  that  the  0QB9e>- 
quence  of  tlus  hypotheas  must  be,  that  when  a  nu^netputs 
any  piece  of  iron  into  the  magnetic  state,  its  own  magnetism 
is  improved.  For  the  induced  mi^etism  of  the  iron  is  al- 
ways so  disposed  as  to  give  the  fliud  in  the  magnet  a  greit- 
er  constipation  where  already  condensed,  and  to  abtfiact 
more  fluid  from  the  parts  already  deficient.  If  magnetisD 
be  produced  by  such  a  fliud,  a  magnet  must  always  imiiofe 
by  lying  any  bow  among  pieces  of  iron. 

But  the  case  may  be  Tery  diflerent  when  magnets  are  kept 
in  each  oiber^s  neigfabcmriiood.  When  the  orerdiaigBd  poles 
<»f  two  magnets  are  pboed  fronting  carii  other,  the  redun- 
dant fluid  in  each  rvpels  that  in  the  other  more  tho  it  at- 
tracts the  remoier  rel^andsn;  iron.  The  magnets  must  tbo^ 
foc^  n-'pel  each  o^Kr.     Moreover,  in  rendering  tbem  o^^ 
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neticalf  the  repulsion  of  redundant  fluid,  or  t}ic  attraction 
of  redundant  matter  of  some  other  magnet  had  been  employ- 
ed ;  and  when  the  magnet  was  removed,  some  uf  the  consti- 
pated fluid  overcame  the  obstruction  to  its  uniform  diffusion, 
lund  escaped  into  the  deficient  pole ;  what  remains  is  with« 
held  by  the  obstruction,  and  the  restoring  forces  are  just  in 
equilibrio  with  this  obstruction.  If  we  now  add  to  tliem  the 
repuluoa  of  redundant  fluid,  directed  toward  the  deficient 
pole,  Bome  more  of  the  constipated  fluid  must  be  driven  that 
way,  and  the  magnet  must  be  weakened.  Nay,  it  may  be 
destfoyedi  and  even  reversed,  if  one  of  the  magnets  be  very 
powerful,  and  have  its  own  magnetism  very  fixed  ;  that  is, 
if  its  fluid  be  very  redundant,  and  meet  with  very  great  ob* 
^traction  to  its  motion.  Hence  it  also  should  follow,  that 
the  repulnon  observed  between  two  magnets  should  be  weak- 
er at  the  same  distance  than  their  attraction,  and  should  follow 
a  different  law.  For,  in  the  course  of  the  experiments,  the 
situatioa  of  the  fluid  in  the  magnets  is  continually  changing, 
and  approaching  to  a  state  of  uniform  diffusion. 

S15.  I^  us  now  examine  into  the  sensible  eficct  of  this 
fluid  on  a  magnet  which  cannot  move  from  its  place,  but  can 
turn  on  its  centre  like  a  compass  needle.  This  scai'ccly  re- 
quires any  discussion.  We  should  only  be  repeating,  with 
rcfgard  to  the  redundant  fluid  and  redundant  matter,  what 
^re  formerly  said  in  regard  of  north  pole  and  south  pole  ; 
the  little  magnet  must  arrange  itself  nearly  in  the  tangent 
of  a  magnetic  curve.  But  it  requires  a  more  minute  inves- 
tigatian  to  determine  what  the  sensible  phenomenon  should 
be  when  the  fluid  of  the  little  magnet  is  perfectly  moveable. 
Suppose  therefore  a  particle  C  (Plate  IV.  fig.  18.)  of  mag* 
netic  fluid,  at  perfect  liberty  to  move  in  every  direction,  and 
acted  on  by  the  redundant  and  deficient  poles  of  a  magnet 
NAS.  The  redundant  iron  in  S  attracts  C  in  the  direction  and 
with  the  force  CF,  while  the  redundant  fluid  in  N  repels  it  In 
the  direction  and  with  tlie  force  CD.  By  their  joint  action  it 
must  be  urged  in  the  direction  and  with  the  force  CE,  the 


diagonal  cf  the  panDelognin  CDEF,  wbicfa  nost  be 
zatelj  a  tangent  to  a  magnecic  carve.  If  tiwiHiticieofinid 
bekng  to  the  piece  of  iron  a  C  «,  wUdi  fiea  is  that  voj  dk 
rection,  it  will  unquestionaUj  be  poriied  ftowavda  the  atM^ 
nitj  a.  The  same  must  happen  to  other  paitidca.  Hcaee 
it  appears  that  a  piece  cf  cuuunon  moo  io  Aia  wtiiatwn  mb 
poajtion  must  become  a  magnet,  and  moat  lelmi  thb  por- 
tion ;  only  the  mfrhaniral  encrgj  of  the  lever  wjr  chaige 
the  equiEfariom  ofthe  magnetic  foices  a  little  ;  beomiewka 
the  piece  of  iron  a  C  «  has  anj  senable  ■■agmtiakj  the  ac- 
tion on  its  diSetent  points  will  be  a  little  taneqiml,  and  maj 
compose  diagonals  whiiifa  divide  a  Utile  from  the  tangent 

Should  the  iron  needle  chance  not  to  hair  the  exact  po* 
ation,  but  not  deviate  verj  lar  from  it,  it  ii  aho  dear  that 
the  fluid,  not  being  able  to  esc^ie,  will  press  on  the  adeto- 
ward  which  it  i^  impdled ;  and  thus  will  cause  die  needle 
to  turn  on  its  pivot,  and  finaDv  arrange  itadf  in  magnrtinl 
and  mechamcal  equilibrium,  deviating  sonmchthelesifian 
a  tangent  to  a  magnetic  curve  as  the  piece  of  iron  issmalkr. 
Adv  piece  ot  conuDon  iroxiy  Leid  in  the  neighbourhood  of  a 
magnet,  will  become  c^ore  overcharged  at  one  end  and  un- 
dercharged at  the  oiher,  in  proportion  as  the  positioo  of  its 
length  comes  nearer  to  the  tangent  of  a  magnetic  carve.  A 
slender  wire  held  perpendicular  to  this  position,  that  is, per- 
pendicular to  the  curve,  should  not  acquire  any  senahlemig- 
netism,  atber  attractive  or  directive. 

316.  We  surely  need  not  now  employ  many  words  to 
shew  that  a  parcel  of  iron  filbigs,  strewed  round  a  nopet, 
should  arrange  tbemsclves  in  the  primary  magnetic  curves^ 
or  that  when  strewed  round  two  magnets  thev  should  firo 
the  secondary  or  composite  curves. 

317.  Let  us  now  inquire  more  particulariv  into  tbe  mo- 
difications of  this  accumulation  c(  magnetic  fluid  wludhiuj 
result  froci  the  naiiire  cf  the  piece  of  iron,  as  it  is  pot  into 
the  magnetic  <Litc.  Tht  propelling  force  of  A  acts  agnost 
the  mutual  rcpuli:i.n  of  the  panicles  of  fluid  in  B,  and  also 
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fi4^DEt  the  obstruction  to  its  motion  tlirougli  ihn  [jorcs  of  B. 
Tlic  greater  this  obctruction,  the  amsllpr  will  be  the  iiccuma- 
lation  which  suffices,  in  conjimulian  with  the  obslructjun  and 
Ihe  attraction  of  the  deserted  iron,  to  balance  the  propulsive 
force  of  the  redundant  fluid  in  the  overcharged  pole  of  A. 
Thia  circumstance  therelbre  must  limit  the  accumulation 
it  can  be  produced  in  a  given  time.  Therefore  the  mag- 
1  produced  on  soft  steel  tir  iron  should  be  greater 
tan  that  produced  in  hard  steel  at  the  same  distance.  Hence 
E  great  advantage  of  soft  [joles,  or  of  armour,  or  of  cop- 
ing, to  a  loadstone,  or  to  a  bundle  of  hard  bar^.  The  best 
1  and  dimensions  of  this  armouriscertainlydeterminaUe 
f  mathematical  principles,  if  we  knew  the  law  of  roagneti- 
il  action,  and  the  disposition  of  the  mugnetism  in  ourload- 
;  but  tliese  are  too  imperfectly  known  in  all  cases  for 
OB  to  pretend  to  give  any  exact  lulcs.  We  miist  decide CX- 
penmenlally  by  making  tlie  caps  large  at  first,  and  reducing 
them  till  we  find  the  loadstone  carry  less;  then  make  them 
a  small  matter  larger.  The  chief  tbings  to  be  attended  to 
are  the  purity,  the  uniformity,  and  the  softness  of  the  iron, 
and  the  closest  possible  contact. 

If  the  obstruction  resemble  that  to  motion  through  a  clam- 
my fluid,  the  final  accumulation  in  hard  sleel  may  be  nearly 
l^^Mual  to  that  in  iron,  but  will  require  much  longer  time. 
^^BJu,  because  such  obstruction  to  the  tnotioti  of  the  fluid 
^^HSI  nearly  balance  the  propelling  force  in  parts  that  arc  far 
^^Bttoved  from  the  magnet,  the  accumulation  will  begin  tliero- 
^^^■OMtSi  while  the  bar  beyond  is  not  yet  afi^led.  A  redun- 
^^Hiat  pole  -will  be  formed  in  that  place.  This  will  o[>era(e 
I^^Kb  what  is  immedialtli/  beyond  it,  driving  the  fluid  farther  on, 
'  and  o«-Asinning  another  accumulation  at  a  small  distance. 
This  may  produce  a  similar  effect  in  a  still  smaller  degree 
^^^er  on.  Thus  the  steel  bar  will  have  the  fluid  altenute- 
^^H^  tondensed  and  rarefied,  and  coni^o  alternate  north  and 
^^Buih  poles.  This  state  of  distribution  will  not  be  permanent ; 
^^Hn  fluid  will  be  gradually  clianging  its  place ;   these  pole^ 
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will  gradually  advance  along  the  bar,  the  remoter  poles  be- 
coming gradually  more  diffuse  and  faint;  and  it  will  not  be 
till  after  a  very  long  time  that  a  regular  magnetism  with  two 
poles  will  be  produced.  To  state  mathematically  the  pro- 
cedure of  this  mechanism  would  require  many  pages.  Yet 
it  may  be  done  in  some  umple  cases,  as  Newton  has  stated 
the  process  of  aerial  undulation.  But  we  cannot  enter  up- 
on the  task  in  this  limited  dissertation.  What  is  said  in  the 
arUde  Elkctbicxty  (§  217,  218.)  on  the  distribution  of 
the  electric  fluid  in  an  imperfect  insukaor,  will  assist  the 
reader  to  form  a  notion  of  the  state  of  magnetism  during 
its  induction.  That  sudi  alternations  proceed  from  such  me- 
chanism, we  have  sufficient  proof  in  the  instances  mentianed 
in  the  former  part  of  this  article.  The  wave^  or  curl,  pro- 
duced on  the  surface  of  aclammy  fluid,  is  a  phenomenon  of 
the  same  kind,  and  owing  to  similar  causes. 

When  the  magnet  which  has  produced  all  these  changes 
is  removed,  it  is  evident  that  a  part  of  this  accumulation  will 
be  undone  again.  The  repulsion  of  the  condensed  fluid, 
and  the  attraction  of  the  deserted  iron,  will  bring  back  some 
of  the  fluid.  But  it  is  very  evident,  that  a  part  of  the  ao> 
cumulation  will  remain,  by  reason  of  the  obstruction  to  its 
motion  in  returning ;  and  this  remainder  must  be  so  much 
the  greater  as  the  obstruction  to  the  change  of  situation  b 
greater.  In  short,  we  cannot  doubt  but  that  the  magnetism 
whicli  remains  will  be  greater  in  hard  than  in  spring  tem- 
pered steel. 

318.  Thus  have  we  traced  the  hypothesis  in  a  great  va- 
riety of  circumstances  and  situaUons,  and  pointed  out  what 
should  be  the  external  appearance  in  each.    We  did  not,  in 
each  instance,  mention  the  perfect  coincidence  of  these  ooo-    - 
sequences  with  what  is  really  observed,  but  left  it  to  the  re-  — 
collection  of  the  reader.    The  cmnddence  is  indeed  so  com— — 
plete,  that  it  seems  hardly  possible  to  refuse  granting  that^ 
nature  operates  in  this  or  some  very  similar  manner.     W^9 
get  some  confidence  in  the  conjecture,  and  may  even 
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ixplniii  cumplioatei}  phenomena  by  tU'n  iiypotlieiical 
theory.  We  might  proceed  to  shew,  ihal  the  effects  of  all 
ibe  methods  practised  hy  the  artiiits  in  making  ariiticial  mng- 
nets  arc  easy  consequences  of  the  liyputhesis ;  but  tlii»  is 
hardly  necessary.  We  shall  just  mention  some  facts  in  tliose 
processes  which  have  puzzled  tlie  naturalists. 

1.  A  strong  magnet  is  known  to  (omtnunicate  the  gnaX- 
est  magnetism  to  a  bar  of  liard  steel ;  but  Muschenbroek 
frequently  found,  that  a  weak  magnet  would  communicate 
more  to  a  soft  than  to  a  hard  bar. 

Exploftelion.  When  the  magnet  is  strong  enough  to  im- 
pregnate both  as  highly  as  they  arc  capable  of,  the  hard  bar 
must  be  the  strongest ;  but  if  it  can  saturate  neither,  tlie 
Epring-tempered  bar  must  be  lett  the  most  niagneiical. 

S.  A  strong  magnet  has  soniotimes  communicated  no 
higher  magnetism  than  a  weaker  one ;  botli  have  been  able 
to  saturate  tlie  bar. 

3.  A  weak  magnet  has  oi\en  impiured  a  strong  one  by 
^mply  passing  along  it  two  or  three  times;  but  a  piece  of 
iron  always  improves  a  magnet  by  the  same  treatment. 

Explanatiott.  When  the  north  pole  of  a  weak  but  hard 
magnet  is  set  on  ihc  north  pole  of  a  strong  one,  it  must  cer- 
tainly repel  part  uf  theSuid  towards  the  other  end,  and  thos 
it  must  weaken  tlie  magnet.  When  it  is  carried  forward,  it 
GUBOt  repel  this  hack  again,  because  it  b  not  of  itself  sup- 
pond  capable  of  making  the  magnet  so  strong.  ))ut  the 
tud  (rfa  piece  of  iron,  always  acquiring  a  magnetism  oppo- 
Nte  to  that  of  the  part  which  it  touches,  must  increase  ibe 
accumulation  of  fluid  where  it  is  already  condensed,  and 
must  expel  more  I'roni  (bose  parts  which  arc  already  defi- 
dent 

i.  All  the  parts  of  the  process  of  the  douUe  touch,  as 

[itriised  by  Messrs.  Mitchell  and  Canton,  are  easily  explain. 

<dby  this  hypothesis.     A  particle  of  8uid  j»  (Plate  IV.  6g. 

19.)  utuated  in  the  middle  between  the  two  magnets,  is  re- 

^^hrUkI  in  the  direction  /f  e  by  the  redundant  pole  of  the  mag> 
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net  AN,  whose  centre  of  effort  U  supposed  to  be  at  C.  It 
is  attracted  with  an  equal  force  in  the  direction  p  d  toward 
the  centre  of  effort  of  the  deficient  pole  of  AS.  By  these 
comlmied  actions  it  is  impelled  in  the  direction  pf.  Now  it 
is  pliun  that,  although  by  increasbg  the  distance  between  N 
^d  S,  the  forces  with  which  these  poles  act  amp  are  dinu- 
nished,  yet  the  compound  force  pftnay  increase  by  the  di- 

1 

minution  of  the  angle  dpe.    If  the  action  is  as  — «  pf  will 

Cos.  dpf 
be  greatest  when  — -rzi —  is  a  maximum,  or  (nearly)  when 

Sin.s  dpfx  Cos.  dpf  is  a  maximum :  but  thb  depends  on 
the  place  of  the  centre  of  effort.  We  can,  howefer,  gather 
from  this  observation,  that  the  nearer  we  suppose  the  cen- 
tres of  effort  of  the  poles  N  and  S  to  the  extremities  of  the 
magnets,  the  nearer  must  they  be  placed  to  each  other. 
But  we  must  also  attend  to  another  circumstance ;  that  by 
firinpng  the  poles  nearer  together,  although  we  produce  a 
greater  action  on  the  intervening  fluid,  this  action  is  exert- 
ed on  a  smaller  quantity  of  it,  and  therefore  a  less  efllect 
may  be  produced.  This  makes  a  wider  position  preferable; 
but  we  have  too  imperfect  a  knowledge  of  the  circumstances 
to  be  able  to  determine  this  with  accuracy.  The  unfavour- 
able action  on  the  fluid  beyond  the  magnets  must  also  be 
considered.  Yet  all  this  may  be  ascertained  with  predaon 
ill  some  very  simple  instances,  and  the  detenmnation  might 
be  of  service,  if  we  had  not  a  better  method,  independent  of 
all  hypotheses  or  theory ;  namely,  to  place  the  magnets  at 
the  distance  where  they  are  observed  to  lift  the  heaviest  bar 
of  iron  ;  then  we  are  certain  that  their  action  b  most  favour- 
able, all  drcumstances  being  combined. 

We  also  see  a  sufficient  reason  for  preferring  the  position 
of  the  magnets  employed  by  Mr  Antheaume  (and  before  lum 
by  Mr  Servington  Savery),  in  his  process  for  making  artifi- 
cial magnets.  The  form  of  the  parallelogram  dpefis  then 
much  more  favourable^  the  diagonal  pf  being  much  longer, 
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We  also  see,  in  general,  that,  by  the  method  of  double 
touch)  a  much  greater  accumulation  of  fluid  may  be  pro- 
duced than  by  any  otlier  known  process. 

And,  lastly,  since  no  appearances  indicate  any  difFercncc 
between  natural  and  artificial  magnetism,  tliis  hypothesis  is 
equally  applicable  to  the  explanation  of  the  phenomena  of 
natural  magnetism ;  such  as  the  position  of  the  horizontal, 
and  of  the  dipping  needle,  and  the  impregnation  of  natural 
loadstones. 

Having  such  a  body  of  evidence  for  the  aptitude  of  this 
hypothesis  for  the  explanation  of  phenomena,  it  will  surely 
be  agreeaUe  to  meet  with  any  circumstances  which  render 
the  hypothesis  itself  more  probable.  These  are  not  want- 
ing; although  it  must  be  acknowledged  that  nothing  has 
yet  appeared,  besides  the  phenomena  of  magnetism,  to  give 
Us  any  indication  of  the  existence  of  sucli  a  fluid  ;  but  there 
are  many  particulars  in  their  appearance  which  greatly  re- 
semble die  mechanical  properties  of  a  fluid. 

319,  Heating  a  rod  of  iron,  and  allowing  it  to  cool  in  a  po* 
aition  perpendicular  to  the  magnetic  direction,  destroys  its 
snagnetism.     Iron  is  expanded  by  heat    If  the  particles  of 
the  magnetic  fluid  are  retained  between  those  of  the  iron, 
acytwithstandipg  the  forces  which  tend  to  difiuse  tlicm  uni* 
ibrmly,  they  may  thus  escape  from  between  the  ferrugineous 
partides  which  withheld  them.     For  similar  reasons,  mag- 
nedsm  should  be  acquired  by  heating  a  bar  and  letting  it 
cool  in  the  magnetic  direction.    But,  besides  this  evident 
mechanical  opportunity  of  motion,  the  union  of  fire  (or  what- 
ever name  the  neolo^sts  may  choose  to  give  to  the  cause 
of  expansion  and  of  heat)  with  the  particles  of  iron  may  to- 
tally change  the  action  of  those  particles  on  the  particles  of 
fluid  in  immediate  contact  with  them ;  nay,  it  may  even 
change  the  sennble  law  of  action  between  magnet  and  mag- 
net   Of  this  no  one  can  doubt  who  understands  the  appli- 
cation of  mathematical  science  to  corpuscular  attraction  (see 
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the  Treatise  on  Corfusculae  Action  in  vol.  I.  Bo8CovicH.)ifl 

A  change  may  be  produced  in  the  action  between  magnets 

witliout  any  remarkable  change  happening  in  the  actions 
within  the  magnet,  and  it  may  be  just  the  reverse.  The 
.  union  of  fire  with  the  magnetic  fluid  may  increase  the  mu- 
tual repulsion  of  its  parts,  as  it  does  in  all  aerial  fluids  or 
gases.  This  alone  would  produce  a  disstpation  of  some 
magnetism.  It  may  increase  the  attraction  (at  inaensiUe 
distances)  between  the  fluid  and  the  iron,  as  it  does  in  num- 
berless  cases  in  chemistry. 

320.  It  is  well  known  that  violently  knockingor  hammer* 
ing  a  magnet  weakens  its  force,  and  that  hammering  apiece 
of  iron  in  the  magnetic  direction  will  j^ve  it  aome  nii^et- 
ism.    By  this  treatment  the  parts  of  the  iron  are  put  into  a 
tremulous  motion,  alternately  approaching  andreoeding  from 
each  other.   In  the  instants  of  their  recess,  the  penUup  par- 
ses of  the  fluid  may  make  their  escape.     A  quantity  of 
small  shot  may  be  uniformly  mixed  with  a  quantity  of  wbeat, 
and  will  remain  so  for  ever,  if  nothing  disturb  the  veasel ; 
but  continue  to  tap  it  smartly  with  a  stick  for  a  kmg  time^ 
and  the  grains  of  small  shot  will  escape  from  their  confine- 
ments, and  will  all  go  to  the  bottom.   We  may  conceive  the 
particles  of  magnetic  fluid  to  be  affected  in  the  same  way. 
The  same  eifect  is  produced  by  grinding  or  filing  magnets 
and  loadstones.    The  latter  are  frequently  made  uaelets 
by  grinding  them  into  the  proper  shape.     This  smiuU  be 
avoided  as  much  as  possible,  and  it  should  always  be  done 
in  moulds  made  of  soft  iron  and  very  masave ;  but  this  will 
not  always  prevent  the  dissipation  oi  strong  magnetism.   As 
a  farther  reason  for  assigning  this  cause  for  the  diawpation 
in  such  cases,  it  must  be  observed  (Muschenbroek  takttno^- 
tice  of  it),  that  a  magnet  or  loadstone  may  be  ground  at  its 
neutral  point  without  much  damage.     But  we  had  the  fid- 
lowing  most  distinct  example  of  the  process.     A  very  fin^ 
artificial  magnet  was  suspended  by  a  thready  witli  its  aoutk 
pole  down.     A  person  was  employed  to  knock  it  incessant^ 
ly  witli  a  piece  of  |M:bble,  in  such  a  manner  as  to  make  it 


MAUS-KTISU.  -33s 

[  very  clvarly,  being  eulrcmely  Iiard  and  cUstic.  lu 
nagneiism  wasexaininetl  from  time  to  time  vith  n  very  smaJl 
oinpass  Dcedlc.  In  three  quarters  of  an  hour,  its  DiBgnelism 
¥03  not  only  destroyed,  but  the  lower  end  shewed  signs  ot- 
.  north  pole.  The  same  magnet  was  again  touched,  and 
nade  as  strong  as  before,  and  was  ibiii  wound  about  very 
ight  with  welted  whipcord,  leaving  a  small  port  bare  in  the 
niddle.  It  was  again  knocked  with  the  pebble,  but  could 
o  longer  ring.  At  the  end  of  three  quarters  of  an  hour  its 
lagnetism  was  still  vigorous,  and  was  not  near  gone  after 
1*0  hours  and  a  quarter.  We  discharged  a  Leydeu  jalr 
i^oatt-d  with  gold  leaf)  in  the  same  way.  It  stood  on  the 
9p  of  an  axis;  and  while  this  was  turned  round,  (he  edge 
fas  nibbed  witli  a  very  dry  eprk  filled  with  rosin,  and  fast- 
•ned  to  the  end  of  a  gloss  rod.  This  made  the  jar  sound 
like  the  glass  of  a  harmonica.  Oaeof  Uiem  was  split  in  this 
operation. 

Asinall  bar  uf  steel  was  heated  red  hot  and  tempered  bard 
bttveen  two  strung  magnets  lying  in  shallow  boxes  filled 
Vilh  water,  and  was  more  strongly  impregnated  in  this  way 
Uian  in  any  other  that  we  could  think  of  for  a  bar  of  that 
^ape.  It  \\a%  not  yet  been  ascertained  in  what  lemperatiire 
itii  most  susceptible  of  magnetism,  but  It  was  considerably 
bclterthan  to  be  just  visible  in  a  dark  place.  Itisnoob- 
fKDoa  to  our  way  of  conceiving  magnetism,  that  die  fluid  is 
■BmoveDble  or  inactive  when  the  iron  is  red  hot.  Either 
oCthcse,  or  both  of  them,  may  result  from  the  union  with 
tkciiiae  of  heat.  Even  a  particular  degree  of  expansion 
■Njw  change  the  law  ofoction  as  tomakcit  immavcabic; 
a  with  caloric  may  render  it  inactive  at  all  seirai. 

lances.     We  cannot  but  think,  that  some  very  in- 
s  facts  miglit  be  obtained  liy  experiments  made 

I  in  the  moment  of  its  production,  and  changes  in 

bcbcmtcal  processes.     All  magnetism  is  gone  when 

d  with  sulphur  and  arsenic  in  the  greatest  numhec 
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of  OIC8;  nd  when  it  is  in  die  iUle  of  •■  odac^  mil, 
KtUops,  or  fdatioa  in  icids ;  wad  whcu  muted  wkk  «. 
trii^cot  saiMtmoes,  such  st  gdk  Whee,  and  is  wktf 
Hate, docs itbffnmf magnetic?  AndwhcneeeoBesdielaid 
of  iKpinas?  It  vere  vorth  wink  to  tij,  wlictlier  Mgneb 
here  Moy  innuenoe  m  the  foiiiisljoo  ot  *"j**^^MTitwi  of 
the  maitial  Bidu;  and  what  will  be  their  cCect  on  naavlMi 
precipitatad  fram  its  solatioos  by  aaothet  aKfal,  Ibb.  ke, 

S21.  Thete  remaiiis  one  reankafale  &et  to  be  taken  no- 
tieeof^  wfaidi,  in  one  point  of  viev,  is  a  eanfimalion  of  die 
hypothesis,  but  in  another  prcsoits  eonadenUe  diffeultieii 

It  is  wdl  known  that  no  magnet  has  ever  beea  seen  wUch 
has  but  one  pole ;  that  is,  on  the  fajpodKsis  of  ^piniu^ 
which  is  wholly  redundant,  or  wfaoDj  drfdaiL  tfaUmsg- 
aetisni  be  either  the  immediate  or  the  mMle  effect  of  the 
gmt  nu^inet  contained  in  the  earth,  and  if  it  be  produced 
by  induction,  without  any  comxn^^nixation  of  substance, but 
only  bychai^ng  the  dispoatjoo  of  the  floid  already  in  the 
inMi,  we  nerershoold  see  a  magnet  with  only  one  pole.  It 
mtut  be  owned,  that  we  never  can  make  such  a  magnet  hj 
any  of  the  processes  hitherto  deicribed ;  but  the  exigence 
of  such  does  not  seem  imposable.  Supposing  a  magnet,  of 
the  most  regular  magnetism,  haring  only  two  poles;  ind 
that  we  cut  it  through  at  the  neutral  point,  or  that  we  cot 
or  break  off  any  part  of  it^— the  fact  is  (for  the  ezperiflMOt 
has  been  tried  erer  since  men  b^an  to  ^peculate  about  !■;• 
netism),  that  each  part  becomes  an  ordinary  magnet,  wiA 
two[poles,  one  of  which  is  of  the  same  kind  as  before  the  » 
paration.  The  question  now  is.  What  should  happen » 
cording  to  the  theory  mainlined  by  JE{anus  ?— ZVniia 
TAear.  Elect,  et  MagnrtUmi,  p.  104,  &c. 

Let  N AS  (Plate  IV.  fig.  20.)  be  a  magnet,  of  whidi Ks 
the  overcharged  pole.  Let  the  ordinates  of  the  carve  DiE 
express  the  difference  between  the  natural  densftv  fifth 
fluid,  in  a  state  of  uniform  diffusion,  and  itsdcnsirrtfitit 


raUy  disposed  in  the  magnet  *.  The  areap  n  ND  will  there 
express  the  quantity  of  redundant  fluid  in  the  part  n  N,  and 
the  area  ^  ES  m  expresses  the  fluid  wanting  in  the  part  S  m. 
The  intersection  A  marks  that  part  ol'the  magnet  where  the 
fluid  is  of  its  natural  density.  Suppose  the  part  N  ti  to  be 
separated  from  the  rest,  containing  the  redundant  fluid  ND 
p  n.  The  tendency  of  this  fluid  to  escap  from  the  iron  witl) 
which  it  is  connected  will  be  greater  (Mr.  .^pinus  thinks) 
than  before ;  because  its  tendency  to  quit  the  magnet  funner- 
iy  was  repressed  by  the  attractions  of  the  redundant  matter 
contained  in  AS.  This  is  certainly  true  of  tlie  extremity  N  ; 
nay,  perhaps  ofall  the  old  external  surface.  Fluid  will  there- 
fbreescape.  Suppose  that  so  much  has  quitted  the  iron  that 
the  point  n  has  the  fluid  of  its  natural  density)  as  is  repre- 
sented in  Na  3.  there  is  still  a  force  operating  at  n,  tending 
to  escape,  arising  from  the  repulsion  of  all  the  redundant 
fluid  n  DN.  If  this  be  sufficient  for  overcoming  the  obstruc- 
tion, it  will  really  escape,  and  the  iron  will  be  left  in  the 
state  represented  by  No.  ♦.  with  an  overcharged  part/N,  and 

1  undercharged  part^n. 

f  In  hke  maniur,  the  tendency  of  the  magnetic  fluid  sur. 
iding  the  magnet  to  enter  into  its  deficient  pole,  will  be 
when  it  is  sejiarated  from  the  other,  not  being  clieck- 

I  by  the  repulsion  of  the  redundant  fluid  iit  that  other. 

IContonb  found  (b>t  the  mignetii:  action  diminithfid  frumlhc  iiotth  or  wioUi 
a  nia^vt  lowaidt  the  iienlt*!  paipl  Bccordiiig  to  the  rullunirie  law. 


tanapwt  with  nhich  theaemulu  were  obtained,  ns  cyliodri.cal,  and  i 

ulong.  and  tvo  lioei  ia  diameter.      See  Bkil't  Tnlftdt  FKyiiju,  ' 

^13,74.'H^Bb. 
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Mr.  iEpinus  relates  some  experiments  whidi  he  made  on 
this  subject.  The  general  result  of  them  waa»  that  the  mo- 
ment the  parts  were  separated,  each  had  two  poles,  and  that 
the  neutral  point  of  each  magnet  was  much  nearer  to  die 
phoe  of  their  former  unbn  than  to  the  odicr  enda.  In  a 
quarter  of  an  hoar  afterwards,  the  neutral  pointa  had  advan- 
ced nearer  to  th^  middle,  and  continued  to  do  ao,  h^yery 
small  steps,  for  some  hours,  and  sometimes  days,  and  final- 
ly were  stationary  in  their  middles. 

322.  We  acknowledge,  that  this  reasoning  doei  not  alto- 
gether satisfy  us,  and  that  the  gradual  progress  of  the  neu- 
tral point  toward  the  middle  of  each  juece,  although  agree- 
able to  what  should  result  from  an  escape  of  fluid,  is  not  a 
proof  of  it.  We  know  already,  that  the  indacdon  of  mag- 
netism is  a  progressive  thing ;  and  we  should  hare  expects 
ed  this  change  of  the  situation  of  the  neutral  point,  what- 
ever be  the  nature  of  magnetism.  There  is  something  siniU 
lar  to  this,  and  perhaps  equally  puazling,  in  the  tnmiediaie 
recovery  of  magnetism  which  has  been  weakened  by  heat ; 
it  is  partly  recovered  on  cooling. 

But  our  chief  diffioulty  is  this :    At  the  point  A  (Htte 
IV.  fig.  20.)  every  thing  is  in  equilibrium  befixw  the  firio- 
ture.     The  particle  A  is  repelled  by  the  redundant  flnid  in 
AN,  and  attracted  by  the  redundant  matter  in  AS ;  yet  it 
does  not  move,  for  the  magnetism  is  supposed  to  have  per- 
manency.   Therefore  the  obstruction  at  A  cannot  be  over- 
come by  the  united  repulsion  of  AN  and  attraction  of  AS. 
Nor  can  the  obstruction  at  N  be  overcome  by  the  diffisrenoe 
of  these  two  forces.     Now  suppose  AS  annihilated*     The 
change  made  on  the  state  of  things  at  A  is  surely  greater 
than  that  at  N,  because  the  force  abstracted  is  greater,  the 
distance  being  less.     It  docs  not  clearly  appear,  therefoce^ 
that  the  removal  of  AS  should  occasion  an  efflux  at  N- 
This,  however,  is  not  impossible ;  because  the  fluid  may  be 
so  disposed,  by  great  constipation  near  N,  and  no  great  ex- 
cess of  density  near  A,  that  a  smaller  change  at  N  may  pro* 
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dace  an  dHux  there.  But  surely  (hi!  tendency  to  escape  at 
A  must  now  be  diuiinished,  instead  of  being  greater  after 
the  fracture.  And  if  any  escape  from  N,  this  will  still  more 
diminish  that  tendency  to  escape  from  A.  It  does  not  there- 
fore appear  a  clear  conset)iience  of  the  general  theory,  that 
the  constipated  fluid  should  escape  ;  and  more  particularly, 
that  A  should  become  detident.  And  with  respect  to  the 
entry  of  fluid  into  the  other  fragment,  and  its  becoming 
overcharged  at  m,  the  reasoning  seems  still  less  convincing. 
The  steps  of  the  physical  process  in  the  two  parts  of  the 
original  magnet  are  by  no  means  convertible  or  counterparts 
of  each  other.  There  is  nothing  in  the  part  AS  to  resem- 
ble the  force  of  repulsion  really  exerting  itself  in  the  corre»- 
pomting  point  of  AN.  There  would  be,  if  there  were  a 
particle  of  fluid  in  that  place  ;  but  there  la  not.  The  ten- 
dency therefore  of  external  fluid  to  enter  there,  does  not  re- 
BcmUe  the  tendency  of  the  internal  fluid  to  expand  and  dis- 
npitr.  It  is  true,  indeed,  the  discourse  should  be  confined 
to  pmnts  of  the  surface.  But  the  internal  motion  must  al- 
so be  considered  ;  and  the  great  objection  always  remains, 
namely,  that  the  obstruction  at  A  (No.  I.)  or  at  n  (No.  3.) 
is  sufficient  to  prevent  the  passage  of  a  particle  of  fluid  from 
the  pole  AN  into  the  pole  AS,  when  urged  by  the  repul- 
sion of  the  fluid  in  the  one,  and  the  attraction  of  the  iron  in 
die  other;  and  yet  will  not  prevent  the  escape  of  a  particle 
wfaen  one  of  those  causes  of  motion  is  removed.  Add  to 
this,  that  the  whole  hypothesis  assumes  as  a  principle,  that 
the  resistance  to  escape  from  any  point  is  greater  than  the 
obstruction  to  motion  through  the  pores.  This  is  readily 
granted;  for  however  great  we  suppose  the  attraction,  in 
the  limits  of  [Jiysical  contact,  it  will  be  no  obstruction  to 
notion  through  the  pores,  because  the  particle  is  equally  af- 
fected by  the  oppoMte  sides  of  the  pores ;  whereas,  in  quit- 
ting the  body  altogether,  there  is  nothing  beyond  the  body  ' 
to  counteract  the  attraction  by  which  it  is  retained. 

SL-^ i , 
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There  seems  something  wanting  to  aooommodate  this 
beautiful  hypothesis  of  Mr.  iEpiniis  to  this  remarkable  phe- 
nomenon ;  and  the  coincidence  is  otherwise  so  complete,  that 
we  are  almost  obliged  to  conclude  that  it  is  merely  a  defi- 
ciency, arising  from  our  not  having  a  suflicient  knowledge 
of  the  law  of  magnetic  action.    This  is  qiute  sufficient :  For 
it  may  be  strictly  demonstrated,  that  if  the  magnetic  acticD 
decreases  in  a  higher  ratio  than  that  of  the  squares  of  the  dis* 
tances,  the  permanency  of  the  fluid  in  any  particular  dispo- 
sition lias  scarcely  any  dependence  on  the  particles  at  any 
sensible  distance,  and  b  affected  only  by  the  varialient  of 
its  density  (See  Electricity,  §  217.  for  a  case  som^ 
what  similar.)     Therefore,  if  the  fluid  be  so  disposed,  that 
its  density  may  be  represented  by  the  ordinates  of  such  a 
curve  as  is  drawn  in  Plate  IV.  fig.  20,  having  Us  two  ex- 
tremities concave  toward  the  axis,  and  a  point  of  contrary 
flexure  at  A,  the  tendency  to  escape  at  A  will  be  the  great- 
est possible ;  and  when  the  magnet  is  broken  at  A  (Na  1.) 
or  when  the  fluid  has  taken  the  arrangement  represented  by 
No.  3,  it  cannot  stop  ilicre^and  must  become  deficient  in  tbat 
part.     Now,  it  must  be  acknowledged,  that  we  are  not  ab- 
solutely certain  that  the  magnetic  action  is  in  the  predse  in- 
verse duplic:ate  ratio  of  the  distance*.     All  that  we  are  cer- 
tain of  is,  tliat  it  is  much  nearer  to  it  than  to  either  the  in- 
verse simple  or  inverse  duplicate  ratio.     We  own  oursdvcs 
rather  disposed  to  ascribe  the  pre>cut  difliculty  to  our  ig- 
norance of  some  circumstances,  purely  mathematical,  over- 
looked, or  mistaken,  tlian  to  think  a  conjecture  unfounded, 
^hich  tallies  so  accurately  with  such  a  variety  of  pheno- 
mena. 

We  may  here  observe,  that  we  are  not  altogether  satisfied 
with  .Epinus'  form  of  tlie  expenment.  He  did  not  httka 
magnet ;  he  set  two  steel  bars  end  to  end,  and  touched  then 

*  Tr.-  fxpcniDfDL^  of  C:u:.Tnb  prcvt  inooniwtjbly  that  thiiif tbehto* 
m.t -uft-c  action. — E.-. 
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uone  bar,  making  the  magnetism  perFectly  regular ;  he  thi'ii 
separated  them,  and  found  that  each  had  two  poles.  But 
was  he  certain  thai,  when  joined,  they  made  but  one  mng- 
net?  Wc  have  sometimes  succeeded  in  doing  this,  as  we 
thought,  by  the  curves  of  iron  filings;  but  on  putting  tlie 
needle  with  which  we  were  examining  ilieir  polarity  into 
proper  situations,  we  sometimes  foimd  it  in  the  second  in- 
tersection of  the  secondary  curves,  shewing  that  the  bars 
were  really  two  magnets,  and  not  one. 

On  the  other  hand,  when  n  piece  is  broken  off  tram  A 
n  magnet,  the  succussion  and  elastic  tremor  into  which  the 
parts  are  thrown,  and  even  the  bending  previous  to  the 
fracture,  may  ^vc  opportunity  to  a  dissipation,  which  cciuhl 
not  otherwise  happen.  The  parts  should  be  separated  by 
corrosion  in  an  acid,  and  the  gradual  change  of  magnetism 
should  be  carefully  noted.  The  writer  of  this  article  has 
made  some  experiments  of  this  nature,  the  results  of  which 
present  some  curious  observations:  but  they  are  not  yet 
biought  to  a  conclusion  that  is  lit  to  be  laid  before  the  pub- 
lic*. 


*  The  rety  remarkible  fact,  thnt  tttry  frBgmmt  of  ■  magnet,  whether  il  i> 
kCB  from  it!  Dorlh  or  it>  soutb  ntnmlty,  li  iCaelf  a  magnet,  with  Iwo  diHioct 
id  oppoiite  poki,  appean  iocapalitc  uf  being  eipUincd  by  the  theory  ol' 


heti)  of  Coulomb  hi 

inineaC  philoiophn 

1,  puiaeuiDg  a  noitb  ami 


:s  fur  il 


liilen  every  patlide  uf  inMi  ■)  ■  tmill 
utti  pole  of  equal  inleniity,  and  hence 
I  iofiiiilelr  imaU  Qi>|net>,  having  their 
jkftraltel  ta  ihi:  aiii  of  the  great  matrnet  whieh  ihuy  lomp^iae,  in  the  same 
a  tourmaline  ncompOKcl  of  a  number  of  eletneolarjr  crystals  diipoaed 
Melricaily,  and  eitiibiling  the  tco  upposite  elcotticiliea.  When  there- 
■•  tngment  is  broken  from  the  oorlh  pole  of  a  magnet,  the  rxttemity  ofihe 
neutral  pniot,  become*  >  itii)th  pole,  bECauK  Iho  Matberii 
If  of  the  particle*  at  thit  exlremiCy  is  no  longer  counteijclcil  by  theoorth- 
pelttily  of  the  other  parliclei  nith  shich  Ihey  acre  formerly  incoulacl. 
btha  PhilaufhiaU  Treniulimt  for  I816,  we  biTi  given  a  full  aocouDt  of  a 
pti  Tcry  remarkable  pheuomeoa  iq  cryaUllixed  glosa,  which  ate  preciic- 
leaa  those  which  take  place  in  magneli.  A  re claugulat  plate  of  gUit, 
iitransiently  or  permanently  crptalliied,  exhibits  in  iti  aciiun  1 
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323.  iMr.  Prevost  of  Greneva,  in  a  dissertation  on  the  ori* 
gin  of  magnetic  lbrcc<«,  endeavours  to  give  a  tlieory  which 
obviates  tiic  only  difficulty  in  that  of  ^pinus;  but  it  is  in^ 
comparably  more  complex,  employing  two  fluids,  which  bj 
their  union  compose  a  thirdi  which  he  calls  combined  fluid. 
There  is  much  ingenuity,  and  even  mathematiGal  addxess, 
in  adjusting  the  relative  properties  of  those  fluids.    But 
some  of  them  are  palpably  incompatible ;  car.  gr.  the  parti- 
cles of  each  attract  each  other,  but  those  of  the  other  kind 
most  strongly;   yet  they  are  both  clastic  like  air.    Thisi$ 
suri'ly  inconceivable. — Granting  this,  however,  he  suits  his 
diflorent  attractions  so  that  a  strong  elecdve  attrKtion  of 
the  combined  fluid  tor  iron  decomposes  part  of  the  fluid  in 
the  iron,  and  each  of  its  ingredients  oocufnes  opposite  ends 
of  tlie  bar :    then  will  the  bars  approach  or  recede,  aooord- 
ing  as  tlie  near  ends  contain  a  diflerent  or  the  same  ingre* 
dicnt.     All  this  is  operated  without  repulsion. 

But  the  whole  of  this  is  mere  accommodation,  hke.£piDiis% 
but  so  much  more  cocrlix,  tha:  i:  requires  vciy  intene 
Cvv.r4cm}\.i:u>n  to  tV.A  w  thi  a.::::.-r  ir.rcu^h  the  consequen- 
ce^ A-^d  I o  this.  "/r.A:  h:>  s:triwUo::>  arc  operated  by  an- 
other fljid,  iur.niiclv  nijrc  s^b'^It  '^.at,  tJiher  of  those  il- 
rcjidy  meniiontxT.  cvenr  |\ir;-f.c  of  irt>o  being,  as  it  were, 
A  ^orlvi,  ;a  oocr.p«-r.s^:i  .^t'  ■J,.*?^  o:  :":£  :»ibcr.  In  short,  he 
a4.io}^:s  jLi  'JiC  t\:r^Yi^ir:  >^ppA»;r».C5  Ji  Le  Sage  of  G^ 
iKv^  &2>d  even  u^in^  ;>  uliir^uli  izLDiJsian.  Nor  u  the 
coniTirance  tor  obrjaur^tbe  di— 'j-jrir  i>r  cifien  mentioned) 
A\  all  rfear  ani'.  cvinT-.Dcir^ ;  iai  ::  i^  e:  -:l1!  v  rratuitous  lidi 


V^'w  ft  luriV  >.tif  &:  fAr.y.  fv.;--:.  &ci  &  aouu  luiif  ix  uv  middir  :  aneatiilpiiit 

%  :i  r  ciiftmnnc  r-ns  :ri>  n»-r    «:  '.liiz  :m  vtinif  <.  i  inffo^t  i&  separaltimwy  j 

fc«Tm  n-iinr-:ir«  &>  ::«!  .-r  ru  :.   T.ii.v    n; '-iii  *  nn-::  nuit  a:  each  edge. ail  j 

<■:  :»-  ivik.  ir  :]^^.  n.'.-.  i:       f  ,v  :fc-  ^■  ■  ■.rii.i-ou;:  .ii  ,ti  Uti   Fur^r^rt  aftUlVki  j 
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We  CKnnot  lliink  this  liyiKitlicsis  at  all  int'itlDtl 
rxphnalioti 

^32+.  Tliis  must  serve  (or  an  account  of  the  hypothesis  of 
Epiikus.  The  pliilosophical  rradvr  will  see,  that  howuvei- 
cKactly  it  may  tally  with  every  plienomeiion,  it  caniiul  lie 
called  an  explanation  ut'  the  phenomena  ;  because  it  is  the 
phenomena  which  expliun  the  hypothesis,  or  give  us  tlie 
characters  of  the  magnetic  fluid,  if  such  fiuid  exists.  But 
we  are  not  obliged  m  admit  this  existence,  as  we  ttdniit  thai 
to  be  the  true  decyplienug  of  a  letter  whidi  makes  sense  of 
it.  In  that  case  we  know  both  parts  of  ihe  subject — the 
characters  and  the  sounds;  but  are  ignorant  which  cofre*- 
ponds  to  which.  Did  we  sec  a  fluid  abftniLleJ  from  one 
part  of  a  bar  and  constipated  in  another,  and  perceive  the 
abstraction  and  constipation  always  accompanied  by  the  ob- 
served attractions  and  repulsions,  the  rules  of  philosophical 
discussion,  nay,  the  constitution  of  our  own  nund,  woulil 
6  to  adugn  the  one  as  the  cause  or  occasion  of  the 
Br.  But  this  important  circumstance  is  wanting  in  the 
nt  case.  We  think,  however,  that  it  merits  n  close  at- 
;  nnd  we  entertain  great  hopes  of  its  being  one  day 
[^eted,  by  including  tliis  ungle  exception. 
I  the  some  time,  it  must  be  owned,  tliat  it  gives  no  ex- 
inn  of  knowledge;  for  it  can  have  no  greater  extension 
I  the  phenomena  on  which  it  is  founded,  and  cannot, 
tut  risk  of  error,  be  applietl  to  an  untried  case,  of  a 
B  dissimilar  in  its  nature  to  the  phenomena  on  which  it 
inded.  We  doubt  not  but  that  its  ingenious  outlior 
1  have  said,  that  a  hit  broken  ofi'from  the  north  pole 
■  magnet  would  be  wholly  a  north  pule,'  if  he  had  nut 
1  that  the  fact  was  otherwise, 
kit  this  hypothesis  greatly  aids  tlie  imagination  in  con- 
ing the  process  of  tlie  mognetical  phenomena.  The 
B  we  study  them,  the  more  du  iticy  appear  to  resemble 
rotru^on  of  a  fiuid  through  the  parts  of  an  obstructing 
It  proceeds  gradually.     It  may  be,  as  it  were,  over* 
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done,  and  regorges  when  the  propdling  cause  is  remoiR- 
cd.     The  motion  is  ::idcd  bv  what  we  know  to  aid  oCkr 

m 

obstructed  motions.  As  a  fluid  would  be  oonstipated  inaD 
protuberances,  so  the  facuhy  of  prodadng  the  phenoBMU 
is  greater  in  all  such  situations,  &c  fcc  This^  jcHnedtothe 
impossibility  of  speaking,  with  clearness  of  ooneeptioiii  of 
the  propagation  of  powers  without  the  protnisioa  of  some- 
thing in  which  they  inhere,  gives  it  a  hold  of  the  imagina- 
tion  which  is  not  easilv  shaken  off. 

To  say -that  notliing  is  exjdained  when  the  attraction  of 
the  fluid  is  not  explained,  and  that  this  is  the  main  question, 
gives  us  little  concern.  We  ofier  no  explanation  of  tfais  at- 
traction, more  tlian  of  the  attraction  of  gravity.  There  is 
nothing  contrary  to  the  laws  of  human  inteUcet,  notluag  in- 
consistent with  the  rules  of  reasoning,  in  saying,  that  thingi 
arc  so  constituted,  that  when  two  particles  are  together,  they 
separate,  although  we  arc  ignorant  of  the  immediate  cause 
of  their  separation.  Those  who  think  that  all  motion  is  per- 
formed by  impulsion,  and  who  explain  magnetism  by  a  stream 
of  fluid  circulatinc:  round  the  masmet,  must  have  another 
fluid  to  impel  this  fluid  into  its  cur\'ilineal  path ;  for  they 
insist,  that  the  planets  are  so  impelled.  Then  they  most 
have  a  third  fluid  to  deflect  the  vertical  motions  of  the  second, 
and  so  on  without  end.     This  is  evident,  and  it  is  absurd. 

S25.  We  conclude  with  desirins;  the  reader  to  remark, 
that  the  explanation  which  we  have  given  of  the  magnetical 
phenomena  is  independent  of  the  hvpothesis  of  .Epinus,or 
any  hypothesis  whatever.  We  have  narrated  a  variety  of 
very  distinguishable  facts,  and  have  marked  their  distin^ 
tions.  We  have  been  able  to  reduce  them  to  general  clas- 
ses ;  and  even  to  groupe  those  classes  into  others  sUll  mflR 
general ;  and  at  last,  to  point  out  one  which  is  discovenUe 
in  thorn  all.  This  is  giving  a  philosophical  theory,  in  the 
strictest  sense  of  the  word :  because  we  shew,  in  everyday 
the  modification  of  the  cenenil  fact  which  allots  it  this  or 
that  {^articular  place  in  thai  classification.     Thus  we  have 
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lirective  power  of  magnets  IS  on- 
FtDodiGcatton  of  ilie  general  fact  of  atlraction  and  repuU 
t  Dr.  Gilbert's  theory  of  Urrenlrial  magnetism  is  jn- 
I  8  hypothesis,  and  we  enounced  it  as  such.  It  only 
lb  probability,  and  we  apprehend  that  a  very  high  d©- 
I  of  credit  will  be  given  to  it- 

ffe  hope  that  many  of  our  readers  will  have  their  curi^ 
1^  excit«i  by  the  account  we  have  given  of  .^pinus'S 
ibiy.     To  snch  we  earnestly  recommend  the  serious  pertU' 
nf  his  book  Tenfamex  T/wortr  EleclricUattM  ri  Magnettanit 
^  F.  /EptHo,  Pciropoli,  I7o9.    Van  Sitinden  has  iuclud- 
pTeiy  good  abstract  uf  it  in  his  ^d  volume  A'ur  CE(tC- 
W,   wjitten  by  Professor  Sletglehner  oi  Katisbon  or  In. 
idt.     The  mathematical   purt  is  greatly  simplified, 
le  whole  is  presented  in  a  very  clear  and  accurate  man- 
Mr.  Van  Swinden  is  a  professed  foe  to  all  hypotlies- 
at  he  is  not  moderate,  and  we  wish  tiiat  we  could  say 
e  is  candid.     He  attacks  every  thing;  and  takes  the 
Runity  of  every  analogy  pointed  out  by  .Kpinus  be- 
imagnetism  and  electricity  to  repent  the  fir.^t  sentence 
I- dissertation,  namdy,  that  magnetism  and  electricity 
gt  the  same;  a  tliingthatvEpinus  also  maintains.    But- 
En  chaises  /Epinus  with  a  mistake  in  his  fundamental 
ions,   which  invalidates   his  whole  theory.     He  suyg 
Epinus  Iina  omitted  one  uf  llic  acting  forces  assumed 
Ibypothesis.     This  is  a  most  gruundless  cliurge;  and 
IB  that  we  cannot  conceive  how  Van  Swinden  could 
ito  such  a  mistake.  The  Abbe  Hauy  uf  the  French  Aea- 
Aas  also  published  an  abridgment  uf  .lilpinus's  theory, 
Biany  excellent  remarks,  tending  to  clear  the  theory 
only  defect  that  has  been  found  in  it.     This  work 
Mich  approved  of,  and  recommended  by  the  Academy. 
■Te  Dot  had  the  good  fortune  to  scea  tx>py  ofit*. 

Icveelleut  work,  which  we  would  recammiiiid  to  those  nboare  notmnd 
1  iDithcaiitkal  kuswIcclgE,  ii  entitled  ExjioMon  mivmnte  dt  U  Thmrlt    ' 
)rU»Uct  in  XtgiiefwHt,  iTapTti  Uifrinciftt  it  M.  Mpiniu,  Vntu.  IIS?. 


910  uAammnm^ 

8S6L  Tfao  f0ftckr  canaot  bat  lMnFi>i|qp4iii4 
aMbgy  belweai  die  magiwiiuri  phwMjfiUM  lilri  IjMifr  «(j 
Aieed  dectrioty;  indeed,  all  the  fhenovNMii  of 
enl  raj^ulaoii  en  the  aeae  in  betfL .   The  MtAmhiel 
pontioD  of  tfaoee  eetiaiis  pwdnewi.  e  d^la^l<iiiIf»^<ri^Ny' 
pohBrity,  in  dectricel  es  wdl  ee  in  ijegwlitdi  >>iiM.    |l{r 
cen  mekean  dcctricel  needle  whieh^wll  mwigi  itiilfi  iilfc 
mpeol  to  the  6veichei|^  end  unJeecheigeAenii  ef  nh% 
eleotrified  hy  mere  podticiDy  jnet  es e  iiHB|ieei  nmWeiKfcJ 
fei^byemegnet  We  cen  tonA  e  etiek  of  eteelm  eHii 
die  annner  of  die  double  toudi,  ao  ee  to  gn^  rftfdgi^^m 
odatebiefiiitteenddunbili^.  Ate 
permenent  poke  bj  qoenohing  it  i 
wm  neei|aine  then  by  fieeiing  in  the  neig^MMteed  tf  i 
ponliw  end  negedvn  dlcctrie»      Some  heen^ieCHiei. 
eenettneof  ongm  oftheeetwo  flpeene  of-pOMrii  feeii 
^eiione  awmmetenwe  of  riwinhlimnB;   iHt  Ae 
oenseeeeem  to  be  dielinet  on  many 
is  common  to  ell  bodies.    l%ecense 
ate  only  on  in».    Although  lightning 
gives  polari^  to  a  needle,  we  need  not  infier  tin 
the  causes  because  the  polarity  wUch  it  givcebdMfs 
seme  with  thet  given  by  greet  beet;  end  theeris?eln»jsi 
tense  heat  in  this qxration.    ThephenomeM 
the  most  like  an  indication  of  identity  of  dw' 
trictty  and  magnetism  is  the  direction  of  the  rayi 
rora  borealis—- they  converge  to  die  same  point 
vens  to  which  the  devaled  pole  of  the  dippii^  needlei 
itself.    But  this  is  by  no  meens  a  sufficient 
esteblishing  a  sameness.    Electricity  and 
however,  be  related  by  means  of  some  powers 
known.    But  we  are  decidedly  of  qiinion,  that  the 
and  magnetic  fluid  are  totally  different,  although  dMirt 
chanical  actions  are  so  like  that  there  is  hardly  m   " 
non  in  the  one  which  has  not  an  exact  oounteqiart 
odier.    But  we  see  diem  bodi  operatii^^  iridi  all 
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marks  of  distinction,  in  the  same  body ;  for  iron  and  load- 
stones may  be  electrified,  like  any  other  body,  and  their  mag- 
netism suffers  no  change  or  modification.  We  can  set  these 
two  forces  in  opposition  or  composition,  just  as  we  can  op- 
pose or  oompound  gravity  with  eitlicr.  While  the  iron  fiU 
Uigs  are  arranging  themselves  round  a  magnet,  the  mccbani- 
oal  action  of  electricity  may  be  employed  either  to  promote 
or  hinder  the  arrangement.  They  are  therefore  distinct 
powers,  inherent  in  different  subjects. 

327.  But  there  are  abundance  of  other  phenomena  which 
Bhew  this  diveruty.     There  is  nothing  in  magnetiam  like  a 
body  overcharged  or  undercharged  in  Mo.    Thete  is  no- 
thing which  indicates  the  presence  of  the  fluid  to  the  other 
tenses — nothing  like  the  spark,  the  snap,  the  viuble  dissipa- 
tion ;  because  the  magnetic  fluid  enters  into  no  union  witli 
air,  or  any  thing  but  iron.    There  is  nothing  resembling 
that  iPCODcrivably  rajnd  motion  which  we  see  in  electri- 
citj;  the  quukest  motion  of  magnetism  seems  inferior  (even 
bqfond  comparison)  to  the  slowest  motion  along  any  elec- 
tric conductor.      Therefore  there  is  no  possibility  of  dis- 
duuging  a  magnet  as  we  discharge  a  coated  plate.     Indeed, 
the  reaemUance  between  a  magnet  and  a  coated  plate  of 
g^ass  is  exceedingly  slight.     The  only  resemblance  is  be- 
tween the  magnet  and  an  inconceivably  thin  stratum  of  the 
j^av^  which  stratum  is  positive  in  one  ade  and  negative  in 
the  other.     The  only  perfect  resemblance  is  between  the  in- 
Placed  magnetism  of  common  iron,  and  the  induced  electri- 
city of  a  conductor. 

The  following  seem  the  most  instructive  dissertations  on 
magnetism,  either  as  valuable  collections  of  observations,  or 
as  judicious  reasonings  from  them,  or  as  the  speculations  of 
eminent  or  ingenious  men  concerning  the  nature  of  magnet- 
ism. 

Gilbertus  de  Magnete,  Lond.  1600,  fol. 
iEpini  Tentamen  Theorise  Magn.  et  Electr. 
Eberhard's  Tentam.  Theor.  Magnetismi  1720. 
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Dissertations  sur  I'aimant,  par  du  Fay,  1728. 

Muschenbroek  Dissert  Phynoo  Experimentalis  de  Magu 
nete. 

Pieces  qui  ont  cmporte  le  prix  de  TAcad.  des  Scieiieet  i 
Paris  sur  la  meilleure  oonstructiiMi  des  Bousaolesdedecliiii- 
tion.     Recueil  des  pieces  couronnies,  torn.  ▼. 

Euleri  opuscula,  torn.  iii.  coDtiiieiis  Theoriam  Magnetise 
Berlin,  1751. 

j£pini  Oratio  Academica,  1758. 

jS^im  item  Comment.  Petn^  nor.  tom.  z. 

Anton.  Bnigmanni  tentam.  Phil,  de  mateiia  M^inetica, 
Francquene,  1765. : 

There  is  a  German  translation  of  this  work  by  Eiaenfascb, 
with  many  very  valuable  additions. 

Scarella  de  Magnete,  2  tom.  fol. 

Van  Swinden  Tentamina  Magnetica,  4to. 

Van  Swinden  sur  TAnalogie  entre  les  phenomenes  Eke* 
triques  ct  Magnetiques,  3  tom.  8vo. 

DissertaUon  sur  les  Aimans  artificielles  par  Antheaune. 

Experiences  sur  les  Aimans  artificielles  par  Nicholas,  Fuss^ 
1782. 

Essai  sur  rOrigine  des  Forces  Magnetiques  par  Mr.  Pre- 
vost. 

Sur  Ics  Aimans  artiiicicHes  par  Rivoir,  Paris,  1752. 

Dissertalio  de  magnetismo  par  Sam.  Klingenstier  et  Ja 
Urander,  Holm.  1752. 

Dcscripuon  des  Courants  Magnetiques,  Strasboui^,  17531 

Traite  de  TAiman  jiar  Dalance,  Amst    1687. 

Besides  these  original  works,  we  have  several  disserts* 
tions  on  magnetical  vortices  by  Des  Cartes,  Bernoulli,  Eukr, 
Du  Tour«  &:c.  published  in  the  collections  of  the  worbof 
those  authors,  and  manv  dissertations  in  the  memoirs  of  dif- 
I'cTcnt  academies;  and  there  are  manj  popular  treatises  by 
the  traders  in  experimental  philosophy  in  London  and  Paris. 
Dr.  Gowin  Knight,  i!;e  jierson  in  Europe  who  was  most 
eminently  skilkJ  iu  the  knowledge  of  the  phenomena,  al» 


^B  MAGNETISM.  340 

)niblishcd  a  dissertation  Intillcd,  An  allempt  to  eiplain  ikt 
Phaumaia  of  Nalurt  by  two  principles,  Jllraction  and  Repul- 
(ion,  Lond.  1748,  4to,  in  whicb  he  has  included  a  ihrory  of 
magnetism.  It  is  a  very  curious  work,  and  sliould  l>c  stu- 
di«l  bv  all  those  who  have  recourse  without  scrtiplc  lo  the 
agency  of  invisible  fluids,  when  thej  arc  tired  of  patient 
thinking.  They  would  there  see  what  thought  and  combi- 
nation ore  necessary  before  an  invisible  fluid  can  be  really 
fitted  for  performing  any  office  we  choose  to  assign  it.  And 
they  will  gel  real  instruction  as  to  what  services  we  may  ex- 
pect of  such  agents,  and  from  what  tasks  they  must  be  ex- 
cluded. Tiie  Doctor's  theory  of  magnetism  is  very  unlike  ilie 
rest  of  the  performance ;  for  he  iloes  not  avail  himself  of  the 
vast  apparatus  of  propositions  which  he  bad  established,  and 
adopts  without  any  nice  adjustment  the  most  commoa  oo> 
tions  of  an  impulsive  vortex.  Both  the  production  and 
□uuntenance  of  this  vortex,  and  its  mode  of  operation,  are 
ineconciieBble  with  the  acknowledged  lawi  of  impulsion*. 


Dcbli  which  ir 


nicktl,  and  coksll,  hive  i^nenHy  been  reguileil  sa  the  only 
:  magnetii^  M.  Coulomb,  howCTer,  iu  the  monlh  of  May,  lEl)^, 
G  NiIiuDil  Iiutitule  orPniQce,  Ihal  when  smaU  neeilJes  fttioot 
~  orS  millimftrc!  long,  aiid  about  haira  mil  I  i  metre  thick,  and  maileoruiiy  i4>ft- 
iWiet  m/iointT,  wire  iDgprnilei)  belwctfn  th«  two  ofiposila  polo  of  tao  sltoDf 
wigneli,  they  ilways  artangrd  tbemteltBi  in  the  line  joining  the  peirt.  Tlw 
MBdl*>>bicb  werelriediweremadcof  (Old,>ilvcr,leai],cop(Kr,  tin,gli^.i 
ohini,  bone,  and  otberorganii:  and  iuorganrc  (ubtlaocei.  The  only  wiy  ofei 
plaining  thh  remackible  ^ct,  is  to  suppose  eilherthat  all  iHbstince^  in  nature 
Bif  mai^neti'T,  or  that  IheT  owe  Ibri  property  to  the  prvieneeofa  quantity  of  inn 
olQthei  magnetic  metal,  too  tmsU  to  be  ascertained  by  chemical  leifK  SunK 
nlilKK  riperimenti  were  repeatei)  by  Dr.  Thamai  Youn;  at  the  Royal  Inslitu- 
tion.  The  oiemoir  of  Coulonib,  which  contaiui  an  account  uf  these  diKoreriet. 
tiu  nerri  been  publithrd  ;  but  M.  Biot,  who  had  acceti  to  it,  has  gi'en  a  full 
ii-iouolDtlhelpading  result!  in  hit  Trailide  /%ii}M,tom.iii,  chap.  i&p.  II?. 
rni'Knglifh  reads  will  find  the  subject  full]>  treated  m  the  irtiete  M*aM«Tt«M 
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INVESTIGATION  OF  THE  MAGNETIC  CUEVEa 

I  HAVE  been  favoured  with  the  following  investilgatioo 
of  the  curves,  to  which  a  needle  of  indefii^  minuCfiif 
will  be  a  tangent,  by  Mr.  Playfair,  ProfesHT  of  Matbemo- 
tios  in  the  University  of  Edinburgh. 

Two  magnetical  poles  being  given  in  positioDy  the  torn 
of  eacb^  which  is  supposed  to  be  as  the  mth  power  of  ik 
distanee  firoin  it  reciprocally,  it  is  required  to  find  acnrvi^ 
in  any  point  of  which  a  needle  (indefinitely  short)  being 
placed,  its  direction,  when  at  rest,  may  be  a  tangent  Id  die 
curve? 

1.  Let  A  and  B  (Plate  IV.  fig.  21.)  be  the  poles  of  anug. 
net,  C  any  point  in  the  curve  required ;  then  we  may  sap- 
pose  the  one  of  these  poles  to  act  on  the  needle  only  bjri^ 
pulsion,  and  the  other  only  by  attraction,  and  the  dSncdoi 
of  the  needle,  when  at  rest,  w'dl  be  the  diagonal  (^a  pml- 
lelogram,  the  sides  of  which  represent  these  forces.  Tho^ 
fore,  having  joined  AC  and  BC,  let  AD  be  drawn  ptnU 

to  BC,  and  make  -^^  :  g^: :  AC  :  AD ;  join  CD,tlKi 

CDF  will  touch  the  curve  in  C. 

2.  Hence  an  expression  for  AF  may  be  obtained.    For, 

AC'«+i 
by  the  construction,  AD  =  g^j^j — ,  and  since  BC  :  AD : : 

BF  :  FA,  and  BC  —  AD  :  AD  :  :  AB  :  AF,  we  have  AF 
AB  X  AC'^'+i 


l{Cm+l_ACwtT 
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A  ocmstniction  somewhat  more  expediuous  may  be  bad 
by  describing  the  semidrde  AFB,  cutting  AE  in  F,  and 
AE'  in  N,  and  describing  a  circle  round  A,  with  the  dis- 
tance AL  =  2  AF,  cutting  AE'  in  h.  If  BG  be  applied 
in  the  semicircle  AFB  =:  N  i,  BG  must  cut  AN  in  a  point 
£'  of  the  curve,  because  AN  +  B6  =:  2  AF,  and  AN  and 
6B  are  cosines  of  the  angles  at  A  and  B. 

As  the  lines  AN  and  B6  may  be  applied  either  above  or 
below  AB,  there  is  another  situation  of  their  intersection  E^ 
Thus  A  It  being  applied  above,  and  B^  below,  the  intersec- 
tion is  in  e\  The  curve  has  a  branch  extending  b^low  A ; 
and  if  D  e  be  made  =  DE,  and  B  e  be  drawn,  it  will  be  an 
assymptote  to  this  branch  There  is  a  similar  branch  be- 
low B.  But  these  portions  of  the  curve  endently  suppose 
an  oj^posite  direction  of  one  of  the  two  magnetic  forces,  and 
therefore  have  no  connection  with  the  poation  of  the  needle. 
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AIsoifm=l»  p  +  ^=:C. 

Iff  =  8,  C0&  p  4-  COB.  ^  =r  C* 

m  =  3,  — an.  2f  +  2f— sin. 2^  +  84=C. 

tniziy  oo8.3f  — -9cas»f +coB.S.^— 9. 

COS.  ^  =  C,  &c.  Sec 
The  first  of  the  above  equations  belongs  to  a  aegment 
of  a  circle  described  upon  AB,  which  therefcwe  would  be  the 
curve  required  if  the  magnetical  force  were  inversely  as  the 
distances. 

If  the  magnetical  force  be  inversely  as  the  square  of  tbe 
distance,  that  is,  if  m  r=  S,  cos.  P  +  cos.  ^  is  equal  to  a  con- 
stant quantity.     Hence  if,  beside  the  points  A  and  B  any 
other  point  be  given  in  the  curve,  the  whdemay  bedescrib* 
ed.      For  instance,  let  the  point  £  (Plate.  IV.  fig.  22.)  be 
given  in  the  curve,  and  in  the  line  D£  which  bisects  AB  at 
right  angles.    Describe  from  the  centre  A  a  drck  through 
£,  viz.  Q£R ;  then  AD  being  the  cosine  of  DAE  to  the  ra- 
dius A£,  the  sum  of  the  cosines  of  ^  x  4  will  be  everywhere 
(to  the  same  radius)  =  2  AD  =  AB.  Therefore  to  find  E', 
the  point  in  which  any  other  line  AN,  making  a  g^ven  angle 
with  AB,  meets  the  curve,  draw  from  N,  the  point  in  which 
it  meets  the  circumference  of  the  circle  Q£R,  NO,  perpen« 
dicular  to  AB,  so  that  AO  may  be  the  cosine  of  N  AO,  and 
from  O  toward  A  take  OP  =  AB,  then  AP  will  be  the  co- 
sine of  the  angle  AB£' ;  so  to  find  B£'  draw  PQ  perpendi- 
cular to  AP,  meeting  the  circle  in  Q ;  join  AQ,  and  draw 
B£'  parallel  to  AQ,  meeting  A£'  in  £ ,  the  point  E'  is  in 
the  curve.     In  this  way  the  other  points  of  the  curve  maj 
be  found. 

The  curve  will  pass  through  B,  and  will  cut  AB  at  an 
angle  of  which  the  cosine  z^  RB.  If  then  £  be  such,  that 
A£  =  AB,  the  curve  will  cut  AB  at  right  angles.  If£" 
be  more  remote  from  A,  the  curve  will  make  with  AB  an 
obtuse  angle  toward  D ;  in  other  cases  it  will  make  with  it 
an  acute  angle. 
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i  oonstruction  somewhat  more  expeditious  may  be  had 
jescribing  the  semicircle  AFB,  cutting  AE  in  F,  and 
'  in  N,  and  describing  a  circle  round  A,  with  the  dis- 
»  AL  =  2  AF,  cutting  AE'  in  b.  If  BG  be  applied 
be  semicircle  AFB  =  N  6,  B6  must  cut  AN  in  a  point 
if  the  curve,  because  AN  -f  B6  =  2  AF,  and  AN  and 
are  oorines  of  the  angles  at  A  and  B. 
La  the  Ibes  AN  and  BG  may  be  applied  either  above  or 
>w  AB,  there  is  another  situation  of  their  intersection  E^ 
us  A II  hmg  applied  above,  and  B^  below,  the  intersec- 
I  is  in  ^.  The  curve  has  a  branch  extending  below  A ; 
if  Df  be  made  =  D£,  and  B  e  be  drawn,  it  will  be  an 
\tapMB  to  this  branch  There  is  a  similar  branch  be- 
R  But  these  portions  of  the  curve  evidently  suppose 
ippodte  direction  done  of  the  two  magnetic  forces,  and 
More  have  no  oonneaion  with  the  poation  of  the  needle. 


VAMATION  OF  THE  COMPASS*. 


TiiE  variation  of  the  Compass^  is  the  deviadoo  of  die 
magnetic  or  mariner^s  needle  fiom  the  meridian  or  tne 
north  and  south  line.  On  the  continent  it  19  called  the  is 
clinaiion  of  the  magnetic  needle ;  and  thb  is  a  better  ton 
for  reasons  which  will  afterwards  appear. 

Our  readers  know,  that  the  needle  of  a  mariner^s  caapus 
is  a  small  magnet,  exactl j  poised  on  its  middle,  and  tafabig 
freely  in  a  horizontal  direction  on  a  sharp  pcnnt,  so  thitit 
always  arranges  itself  in  the  plane  of  die  magnetic  actko. 

About  the  time  that  the  polarity  of  the  magnet  watfat 
observed  in  Europe,  whether  originally,  or  as  imported  fipoa 
China*  the  magnetic  direction,  both  in  Europe  andinOmiy 
was  nearly  in  the  plane  of  the  meridian.  It  was  then&RiB 
inestimaUe  present  to  the  mariner,  giving  him  a  sure  Sm- 
tion  in  lus  coarse  through  the  ptliLHsa  ocean.  But  hj  tbe 
time  titat  the  European  na\'igaiors  had  engatged  in  thoradp 
venturous  voyagv^  to  hr  distant  shores,  the  deriatkn  flf  the 

*  h  tf  x«or»4iy  t:  r«£.3«i  *^  ruoer.  xiat  3«  fca»»M^  ntkit  Mthi ▼«> 
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e  from  the  meridian  was  very  sensible  even  in 
it  is  somewhat  aiirprising  that  the  Dutch  and 
If  navigators  did  not  observe  it  on  ihcir  own  oia^tfl. 
if  Columbus  positively  says,  that  it  was  observed 
her  in  his  first  voyage  to  America,  and  made  his 
IS  so  anxious  lest  they  should  nut  iind  the  way 
I  to  their  own  country,  that  they  mutinied  and  re- 
roceed.  It  is  surprising  that  any  should  doubt  o( 
nowti  to  this  celebrated  navigator,  because  he  evt'ii 
s  to  account  for  it  by  supposing  tlie  needle  to  Ix?  nl- 
ted  to  a.  fixed  ]K>int  of  thehcavcns,  difTi^rent  Tnim  the 
world,  which  he  calls  tlicpo(Wfl»rar(((;r.  It  is  at  any 
a  that  Gonzales  Oviedo  and  Sebastian  Cabot  ob- 
a  their  voyages.  Indeed  it  could  not  possibly  es- 
;  for  in  some  ports  of  their  several  tracks  the  neeiUc 
3ovg  25  degrees  from  the  meridian;  and  the  rudi'sl 
>ning,  made  on  the  supposition  of  the  needle  point- 
irth  and  south,  must  have  thrown  the  navigators 
most  confusion.  It  would  indeed  be  very  diffi- 
em,  unprepared  for  this  source  oferror,  to  make 
)le  guess  at  its  quantity,  till  they  got  to  some  place 
ivherc  they  could  draw  a  meridian  line.  Hut  wi? 
spherical  trigonometry  was  at  that  time  abun- 
liliar  to  the  mathematicians  of  Europe,  and  that 
prttended  to  take  the  command  of  a  ship  bound 
t  port  that  was  not  much  more  informed  in  this 
in  most  masters  of  ships  are  now-a-days.  It  could 
5,  therefore,  before  the  methods  were  given  them 
Ting  the  variation  of  the  compass  by  observation 
DDES  and  AjtiMUTHS,  as  is  practised  at  present, 
tviation  of  the  compass  from  the  meridian  was  not 
illowed  by  mathematicians,  who  haj.1  not  yet  be- 
ble  of  the  necessity  of  quitting  the  Aristotelian 
and  investigating  nature  by  experiments.  They 
t  to  charge  the  navigators  with  inaccuracy  in 


itions  than  the  schoolmen  with  c 


n  prina- 
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pies.     Pedro  de  Medina  at  Valladolid,  in  his  Arte  de  No* 
viggary  published  in  1545,  positively  denies  the  variatioDof 
tlie  compass.     But  the  concurring  reports  of  the  comnuuid- 
ers  of  i$hips  on  distant  voyages,  in  a  few  years,  obliged  die 
landsmen  in  their  closets  to  give  up  the  point ;  and  Miitia 
Cortez,  in  a  treatise  of  navigation,  printed  at  Seville,  befim 
1556,  treats  it  as  a  thing  completely  established,  and  girci 
rules  and  instruments  for  discovering  its  quantity.     Aboat 
the  year  1580  Norman  published  his  discovery  of  the  i^  of 
the  needle,  and  speaks  largely  of  the  horizontal  deviation 
from  the  plane  of  the  meridian,  and  attributes  it  to  the  at* 
traction  of  a  point,  not  in  the  heavens,  but  io  d!ie  earth, 
and  describes  methods  by  which  he  hoped  to  find  the  place. 
To  the  third,  and  all  the  subsequent  editions  of  Norman's 
book  (called  the  new  attractive)^  was  subjoined  a  dissertatioQ 
by  Mr.  Burroughs,  comptroller  of  the  navy,  on  the  varia- 
tion of  the  compass,  in  which  arc  recorded  the  quantity  of 
this  deviation  in  many  places ;  and  he  laments  the  obstide 
which  it  causes  to  navigation  by  its  total  uncertainty  previous 
to  observation.    The  author  indeed  ofR^rs  a  sort  of  rule  for 
computing  it  a  prior  ij  founded  on  some  conjecture  as  to  Its 
cause ;  but,  with  the  modesty  and  candour  of  a  gentleman, 
acknowledges  that  this  is  but  a  guess,  and  intrcats  all  na- 
vigators to  be  assiduous  in  their  observations,  and  liberal  in 
communicating  them  to  the  public;  conjuring  them  tooon- 
sidcr,  that  an  interested  regard  to  their  own  private  advan- 
tage, by  concealing  their  knowledge,  may  prove  the  ship- 
wreck of  thousands  of  brave  men.  Accordingly  obsenratkns 
were  liberally  contributed  from  time  to  time,  and  were  puk 
lished  in  the  subsequent  treatises  on  navigation. 

But  in  1635  the  mariners  were  thrown  into  a  new  and 
great  perplexity,  by  the  publication  of  a  Discourse  wBdM- 
iical  on  the  variation  of  the  Magnctical  A^ccd/f,  by  Mr.  Hcmy 
Gillcbrand,  Gresham  professor  of  astronomy.  Hehadooa* 
])ared  the  variations  observed  at  London  by  BunougNi 
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Gunter,  and  himself,  and  found  that  the  north  end  of  the 
mariner's  needle  was  gradually  draining  more  to  the  west- 
ward. For  Norman  ai]d  Burroughs  had  observed  it  to  point 
about  1 1 !,  degrees  to  the  cast  gf  the  north  in  1580  ;  Gunter 
found  its  deviation  only  6^  in  16^,  and  he  himself  had  ob- 
served  only  4°  in  1631;  and  it  has  been  found  to  deviate 
more  and  more  to  the  westward  ever  since,  as  may  be  seen 
from  the  Ibltowing  little  table  in  Waddington's  NavigaUon. 
Variation  at  London. 

1576  Norman  Il''15'  East 

1580  Burroughs  11  17 

1632  6unier  6  13 

1634  Gillebrand  4  5 

1662  0  0 

1666  Sellers  0  34  West 

1670  S  06 

1672  8  30 

1700  9  40 

1720  13  — 

1740  16  10 

1760  19  30 

1774  2i  20 

•1778  Phil.  Trans  22  11 

1904  June,  Phil.  Trans.      24  8.4 

1806  June,  Phil.  Trans.     34  8.6 

1907  Sept.  Phil.  Trans.      24  10.2 

1808  Phil.  Trans.  34  10 

1811  Sept.  Phil.  Trans.       24  12  2" 

1812  October,  Phil.  Trans.  24  16  30 

1813  June,  Col.  Beaufoy  24  22  17 
1914  June,  Ditto  24  23  48 
1815  June,  Ditto  24  3?  18 
1815  June,  Phil.  Trans.     24  18 


sofihe  <r 
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i\Ir.  Baud,  teacher  of  math  maticB  in  LandoHy  aiid  empbj> 
I'd  to  take  care  of  and  improve  Uie  impresmons  of  the  po- 
pular  treatises  of  Davigation,  about  the  1 650,  declared,  in  a 
work  called  tlie  *^  Seanian^s  Kalendar,^  that  he  had  difloorar- 
cd  the  true  progrees  of  the  deviation  of  the  compaas;  and 
published  in  another  work,  called  the  <<  Longitude  Found/ 
a  table  of  the  variation  for  50  yevs.  Thia  was  howema 
very  gratuitous  sort  of  pn^piiostication,  not  fbunded  on  any 
well-grounded  principles ;  and  though  it  talBed  very  wdl 
with  tlie  obscr^'ations  made  in  London,  which  showed  a  gra- 
dual motion  to  the  westward  at  the  rate  of «— .12  annually, 
liy  no  means  agreed  with  the  observations  made  in  otiicr 
places.     See  Phil.  Trans.  1668. 

But  this  glad  news  to  navigators  soon  lost  its  credit:  for 
the  inconsistency  with  observation  appeared  more  and  more 
every  day,  and  all  were  anxious  to  discover  some  general 
rule,  by  which  a  near  guess  at  least  might  be  made  as  to  the 
direction  of  the  needle  in  the  most  frequented  seas-  Mr.  Hat 
Icy,  one  of  the  first  geometers  and  most  zealous  pbilosophcn 
of  the  last  century,  recommended  the  matter  in  the  most  ear« 
nest  manner  to  the  attention  of  Government ;  and,  after  mudi 
unwearied  solicitation,  obtained  a  ship  to  be  sent  on  a  voyage 
of  di:>cover)-  tor  this  very  purpose.  He  got  tlie  command  of 
the  ship,  in  which  he  repeatedly  traversed  the  Atlantic 
CX.'ean,  and  went  as  far  as  the  50th  degree  of  southern  lati- 
tude. See  his  very  curious  speculations  on  this  subject  io 
ihe  Phil  Trans.  16S3  and  1692. 

After  he  had  collected  a  prodigious  number  of  obsemtioos 
made  bv  others,  and  compared  them  with  his  own,  he  pub- 
li>hcd  in  1100  a  synoptical  account  of  them  in  a  veiy  inge- 
nious form  of  a  sea  chart,  where  the  ocean  was  crossed  by  a 
lunnlKT  of  hoes  passing  tluough  those  places  whew  theeom- 
^viss  had  the  same  deviation.  Thus,  in  every  point  of  one 
line  there  was  no  variation  in  1700:  in  every  point  of  sn- 
ot her  line  the  comfttss  had  iO  degrees  of  east  variatioa; 
ai\?  in  i\crj-  poirt  of  a  liiird  line  it  had  80«  of  west  vans- 
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tion.     Tbese  tines  have  since  been  csUcd  Halln/an  Haa,  or 
curves.  This  chart  was  received  with  universal  applause,  siid 
was  undoubtedly  one  of  the  most  valuable  presents  tiint  sci- 
aux  has  made  to  the  arts.    But  though  recommended  with 
U  the  earnestness  which  its  importance  merited,  it  was  of. 
vith  the  candour  and  the  caution  that  characterises  a 
il  philosopher  ardently  zealous  for  the  propagation  of  truc- 
wwledge.    Its  illustrious  author  reminds  the  public  of  the 
■accuracy  of  observations  collected  from  every  quarter, 
my  of  them  made  by  persons  not  sufRciently  instructed, 
r  provided  with  proper  instruments;    many  also  without 
tes,  and  most  of  them  differing  in  their  dates,  so  lliai 
me  reduction  was  necessary  for  oU,  in  order  to  bring  them 
n  epoch ;  and  this  must  be  made  without  having 
II  unquestionable  principle  on  wbich  to  proceed.    He  said, 
Wt  he  pl^nly  saw  that  the  change  of  variation  was  very 
"~    mt  ill  different  places,  and  in  the  same  pkcc  at  diifer- 
t  times ;  and  confesses  that  be  bad  not  discovered  any  ge- 
i  principle  by  which  these  changes  could  be  connected. 
Halicy'g   Variation  Chart,  however,  was  of  immense  use : 
but  it  became  gradually  less  valuable,  and  in  1745  was  ex- 
ceedingly erroneous.     This  made  Messrs.  Mountain  and 
Dodson,  fellows  of  the  Royal  Society,  apply  to  the  Admi- 
nky  and  to  the  great  trading  companies  for  permission  to 
hiqiect  their  records,  and  to  extract  from  them  the  observa- 
tions  of  the  variations  mode  by  their  officers.     They  got  all 
the  assistance  they  could  demand ;    and,  after  having  com- 
pared above  50,000  observations,  they  composed  new  varia- 
tiao  ctiarts,  6tted  for  1745  and  1756- 

The  polarity  of  the  magnetic  needle,  and  a  general  tliough 
intricate  connection  between  its  positions  in  all  parts  of  the 
vorld,  naturally  causes  the  philosopher  to  speculate  about 
its  cause.  We  see  that  Cortez  ascribed  it  to  the  attraction 
of  an  eccentric  jxiint,  and  that  Bond  thought  that  this  point 
was  placed  not  in  the  heavens,  but  in  the  earth.  This  no- 
_^  made  the  basis  of  the  famous  Theory  of  Magnetism  of 
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Dr.  Gilbert  of  Colchester,  the  first  spedmen  of  experiiireil« 
tal  philosophy  which  has  been  given  to  the  public.  It  wod 
published  about  the  year  1 600 :  he  was  an  intimate  aocjuabt* 
ance  of  the  great  experimental  philosopher  lord  Bacon,  and 
proceeded  entirely  aooording  to  the  plan  laid  down  by  that 
illustrious  leader  in  his  Novum  Organum  SciaUMamm. 

Gilbert  asserted  that  the  earth  was  a  great  magnet,  and 
that  all  the  phenomena  of  tlie  mariner^s  compass  wen  the 
effects  of  this  magnetism.  He  shewed  at  least  that  these 
phenomena  were  precisely  such  as  would  result  from  such  s 
constitution  of  the  eartli ;  tliat  is,  that  the  pontions  of  the 
mariner's  needle  in  different  parts  of  the  earth  were  precisely 
the  same  with  those  of  a  small  magnet  amilarly  situated  with 
respect  to  a  very  large  one.  Although  he  had  made  more 
magnetic  experiments  than  all  that  had  gone  befine  Urn  put 
together,  still  the  magnetical  phenomena  were  but  scantily 
known  till  long  after.  But  Gilbert's  theory  (for  so  it  must 
be  truly  esteemed)  of  the  magnetical  phenomena  is  noiw  oobi- 
pletely  confirmed.  The  whole  of  it  may  be  understood  from 
the  following  general  proposition. 

Let  NS  (Plate  IV.  fig.  23.)  be  a  magnet,  of  which  N  is 
the  north  and  S  tlie  south  pole :  Let  n  x  be  any  oblong  piece 
of  iron,  poised  on  a  point  c  like  a  compass  needle.  It  will 
arrange  itself  in  a  position  nca  precisely  the  same  with  tlut 
which  would  be  assumed  by  a  compass  needle  of  the  same 
size  and  shape,  having  n  for  its  north  and  s  its  south  pole. 
And  while  the  piece  of  iron  remuns  in  this  position,  it  will 
be  in  all  respects  a  magnet  similar  to  the  real  compass  needle. 
The  pole  n  will  attract  the  south  pole  of  a  small  magnetised 
needle,  and  repel  its  north  pole.  If  a  paper  be  held  over 
n  Sj  and  fine  iron-filings  be  strewed  on  it,  they  will  arrsnge 
themselves  into  curves  issuing  from  one  of  its  ends  and  ter- 
minating at  the  other,  in  the  same  manner  as  they  will  do 
when  strewed  on  a  paper  held  over  a  real  compass  needle. 
But  this  magnetism  is  quite  temporary ;  for  if  the  piece  of 
iron  »  •  be  turned  the  other  way,  placing  n  where  a  now  i% 
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it  will  remain  there,  and  wilt  exhibit  the  same  phenomcnn. 
We  may  here  adtf,  that  if  «  »  be  almost  infinitely  small  in 
comparison  of  NS,  the  line  w  »  will  be  in  such  a  position  that 
if  »a,  sA,  be  drawn  parallel  to  N  c,  S  c,  we  shall  have  «n  to 
»  A  as  the  force  of  the  pole  N  to  the  force  of  the  pole  S.  And 
this  is  thcirucc^uscuf  that  curious  disposition  of  iron  filing? 
when  strewed  round  a  magnet.  Bach  fragment  becomes  a 
momentary  magnet,  and  arranges  itself  in  the  true  magnetic 
direction  ;  and  when  so  arranged,  attracts  the  two  adjoining 
fragments,  and  co-operates  with  the  forces  whicii  also  arrange 
Ihem. 

Now,  to  apply  this  theory  to  the  point  in  hand, — Let  n  « 
(Plate  IV.  tig.  94.)  be  a  small  compass  needle,  of  which  n  is 
the  north  and  s  the  south  pole :  let  this  needle  be  poised  ho- 
riitontally  on  the  pin  c  d  ;  and  let  n  «'  be  the  position  of  the 
dipping  mctlh:  Taice  any  long  bar  of  common  iron,  and  hold 
il  upright,  or  nearly  so,  as  represented  by  AB.  The  lower 
end  B  will  repel  the  pole  n  and  will  attract  the  pole  s,  thus 
exhibiting  the  properties  of  a  north  pole  of  the  bar  AB. 
Keeping  U  in  its  place,  turn  the  bar  round  B'  as  a  centre, 
till  it  come  inio  the  position  A'B'  nearly  parallel  to  n'  s'. 
Vou  will  ob^rve  the  compass  needle  ti«  attract  the  end  B' 
with  eitlier  |»ole  n  or  s,  when  B'A'  is  in  the  ]xi9ition  B'  ■ 
perpendicular  to  the  direction  n'  s'  of  the  dipping  needle : 
1  when  the  bar  has  come  into  the  positif>n  B'A',  the  up- 
^  enJ  B'  will  shew  itself  to  be  a  south  pole  by  attracting 
repelling  s.  This  beautiful  experiment  was  cxhil^ted 
Ihe  royal  society  in  1673  by  Mr.  Hindshaw. 

a  this  it  appears,  that  the  great  magnet  in  the  eartfi 

a  momentary  magnetism  on  soft  iron  precisely  as  a 

mon  magnet  would  do.      Therefore  (says  Dr.  Gilbert) 

nduces  permanent  mngnetism  on  magnetisable  ores  of 

(D,  such  as  loadstones,  tn  the  same  manner  as  a  great  load- 

e  Would  do ;  and  it  affects  the  magnetism  already  im- 

I  to  a  piece  of  tempered  steel  precisely  as  any  other 

t  would. 
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Tlierefore  the  needle  of  the  mariner^s  oompaas  in  every 
part  of  the  world  arranges  itself  in  the  magnetic  dirediony  to 
tliat,  if  pcMsed  i|S  a  dipjmig needle  should  be,  it  will  faea  tan- 
gent to  onp  of  the  cqryes  Nc  S  of  Plate  IV.  fig.  2a  The 
horizontal  needle  being  so  poised  as  to  be  capaUe  of  jdaying 
only  in  a  horiiontal  plane,  will  oiUy  arrange  itself  m  ike  pint 
of  the  triangle  N  c  S.  That  end  of  it  whidi  has  the  same  msg- 
nctism,  witli  the  south  pde  S  of  the  great  magnet  included 
in  the  earth  will  be  turned  towards  its  north  pole  N.  There- 
fore what  we  call  the  north  pole  of  a  needle  or  magnet  reilly 
has  the  magnetism  of  the  south  pole  of  the  great  primitive 
magnet.  If  the  line  NS  be  called  the  vaa,  and  N  and  S 
the  poles  of  this  great  magnet,  the  plane  of  any  one  of  these 
curves  N  c  S  ^ill  cut  the  eartVs  surface  in  the  oicumfeience 
of  a  drcle,  great  or  small,  according  as  the  plane  doea  or  does 
not  pass  through  the  centre  of  the  earth. 

Dr.  Halley'^s  first  thought  was,  that  the  north  pole  of  the 
great  magnet  or  loadstone  which  was  included  in  the  boweb 
of  the  earth  was  not  far  from  Baffin^s  Bay,  and  its  south  pole 
in  tlie  Indian  ocean  south-west  from  New  Zealand.  But 
he  could  not  find  any  positions  of  these  two  poles  which 
would  give  the  needle  that  particular  position  whidi  it  was 
observed  to  assume  in  different  parts  of  the  world ;  and  he 
concluded  that  the  great  terrestrial  loadstone  had  fimr  inre- 
gular  poles  (a  thing  not  unfrequent  in  natural  loadstones, 
and  easily  producible  at  pleasure),  two  of  which  are  stranger 
and  two  weaker.  When  the  compass  is  at  a  great  dinhinnp 
i'rom  the  two  north  poles,  it  is  afiected  so  as  to  be  directed 
nearly  in  a  plane  passing  through  the  stnmgest.  But  if  we 
approach  it  much  more  to  the  weakest,  the  greater  vicimty 
Mill  compensate  for  the  smaller  absolute  force  of  the  weak 
pole,  and  occasion  considerable  irregularities.  The  appear- 
ances are  favourable  to  this  opinion.  If  this  be  the  real  con- 
siitution  of  the  great  magnet,  it  is  almost  a  desperate  task 
to  ascertain  by  computation  what  will  be  the  position  of  the 
needle.     Halley  seems  to  have  despaired ;  for  he  was  both 
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an  elegant  and  a  most  expert  mathematician,  and  it  would 
have  cost  him  little  trouble'  to  ascertun  the  places  of  two 
poles  only,  and  the  direction  which  these  would  have  given 
to  jdie  needle.  But  to  say  what  would  be  its  position  when 
actied  on  by  four  poles,  it  was  necessary  to  know  tlie  law  by 
which  the  magnetic  action  varied  by  a  variation  of  distance ; 
and  even  when  this  is  known,  the  computation  would  liave 
been  exceedingly  difficult. 

In  order  to  account  for  tlie  change  of  variation,  Dr.  Hal- 
ley  gappoieB  this  internal  magnet  not  to  adhere  to  the  ex- 
tenial  abell  which  we  inhabit,  but  to  form  a  nucleus  or  ker* 
nd  detached  from  it  on  all  sides,  and  to  be  so  poised  as  to 
revolve  freely  round  an  axis,  of  which  he  hoped  to  dbcover 
the  position  by  observation  of  the  compass.  The  pliiloso- 
phcr  will  find  nothing  in  this  ingenious  hypothesis  incon- 
sistent with  our  knowledge  of  nature.  Dr.  Halley  ima^ned 
that  the  nucleus  revolved  from  east  to  west  round  the  same 
axis  with  the  earth.  Thus  the  poles  of  the  magnet  would 
change  thor  positions  relatively  to  the  earth^s  surface,  and 
thiB  would  change  the  direction  of  the  compass  needle. 

The  great  Euler,  whose  delight  it  was  always  to  engage 
in  the  most  difficult  mathematical  researches  and  computa- 
tbnss  undertook  to  ascertain  the  poation  of  the  needle  in 
every  part  of  the  earth.  His  dissertation  on  this  subject  is 
to  he  seen  in  the  13th  volume  of  the  Memoirs  of  the  royal 
Acudemy  of  Berlin,  and  is  exceedingly  beautiful,  abounding 
b  those  analytical  tours  d'addrcsse  in  which  he  surpassed  all 
the  world.  He  has  reduced  the  computation  to  a  wonder- 
ful simplicity. 

He  found,  however,  tliat  four  poles  would  engage  him  in 
an  analysis  which  would  be  excessively  intricate,  and  has 
eontented  himself  with  computing  for  two  only ;  observing 
that  this  supposition  agrees  so  well  with  observation,  that 
it  is  hi^y  probable  that  tliis  is  the  real  constitution  of  the 
terrestrial  magnet,  and  that  the  coincidence  would  have  been 
perfiect  if  he  had  hit  on  the  due  positions  of  the  two  polef . 
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He  places  one  of  them  in  lat*  76^  north,  and  long.  96^  west 
from  Teneriffe.  The  south  pole  is  placed  in  lat.  58«  south, 
and  loitg.  158°  west  from  Teneriiie.  These  are  thdr  situa- 
tions for  ITdT.-— Mr.  Euler  has  annexed  to  his  dissertation 
a  chart  of  Halleyan  curves  suited  to  these  assumptions^  and 
fitted  to  the  year  1757. 

It  must  be  acknowledged,  that  the  general  course  of  the 
variations  according  to  tliis  theory  greatly  resembles  the 
real  state  of  things ;  and  wc  cannot  but  own  ourselves  high- 
ly indebted  to  thid  great  mathematidan  for  having  made  so 
fine  a  first  attempt.  He  has  improved  it  very  considerably 
in  another  dissertation  in  the  22d  vcJume  of  these  memoirs. 
But  there  are  still  such  great  difierenceSi  that  the  theory  is 
of  no  service  to  the  navigator,  and  it  only  serves  as  an  excel- 
lent model  for  a  farther  prosecution  of  the  sulgect  Since 
that  time  another  large  variation  chart  has  been  published, 
fitted  to  a  late  period ;  but  the  public  has  not' sufficient  in- 
formation of  the  authorities  or  observations  on  which  it  is 
ibunded. 

The  great  object  in  all  these  charts  b  to  facilitate  the  dis* 
covery  of  a  ship's  longitude  at  sea.     For  the  lines  of  varia- 
tion being  drawn  on  the  chart,  and  the  variation  and  the  la- 
titude being  observed  at  sea,  we  have  only  to  look  on  the 
chart  for  the  intersection  of  the  parallel  of  observed  latitude 
and  the  Halleyon  curve  of  observed  variation.     This  inter- 
section must  be  the  place  of  the  ship.     This  being  the  pur- 
pose, the  Halleyan  lines  are  of  great  service ;  but  they  do 
not  give  us  a  ready  conception  of  the  direction  of  the  needle. 
We  have  always  to  imagine  a  line  drawn  through  the  point, 
cutting  the  meridian  in  the  angle  corresponding  to  the  Hal- 
leyan line.      We  should  learn  the  general  magnetic  afleo* 
tions  of  the  globe  much  better  if  a  number  of  magnetic 
ijricridians  were  drawn.     These  are  the  intersections  of  the 
earth^s  surface  with  planes  passing  through  the  magnctical 
axis,  cutting  one  another  in  angles  of  5*  or  10*.   This  would 
both  shew  us  the  places  of  the  magnetic  pedes  much  nKHre 
clearly,  and  would>  in  every  place,  show  us  at  once  the  di- 
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rection  of  the  needle.  In  all  those  places  where  tliese  magi» 
netical  curves  touch  the  meridians,  there  is  no  variation ; 
and  the  variaUon  in  every  other  place  is  the  angle  contain- 
ed between  these  magnetical  meridians  and  the  true  ones. 

The  program  of  a  work  of  this  kind  has  been  published 
by  a  Mr.  Churchman,  who  appears  to  have  engaged  in  the 
investigation  with  great  zeal  and  considerable  opportunities. 
He  had  been  employed  in  some  operations  connected  with 
surveys  of  the  back  settlements  in  North  x\merica.     It  is 
pretty  oartain  that  the  north  magnetic  pole  (or  point,  as  Mr. 
Churchman  chooses  to  call  it)  is  not  far  removed  from  the 
statkms  given  it  by  Halley  and  Eulcr;  and  there  seems  no 
doubt  but  that  in  the  countries  between  Hudson^s  Bay  and 
the  western  coasts  of  North  America  the  needle  will  have 
every  position  with  respect  to  the  terrestrial  meridian,  so  that 
the  north  end  of  a  compass  needle  will  even  point  due  south 
in  several  places.     Mr.  Churchman  has  solicited  assistance 
from  all  quarters,  to  enable  him  to  traverse  the  whole  of 
that  inhospitable  country  with  the  compass  in  liis  hand.    It 
was  greatly  to  be  wished  that  our  gracious  sovereign,  who 
haa  always  shewn  such  a  love  for  the  promotion  of  nautical 
aoenoey  and  who  has  so  munificently  contributed  to  it,  al- 
teadj  enriching  the  world  with  tlie  most  valuable  discoveries* 
^nd  thus  laying  posterity  under  unspeakable  obligations ;  it 
irere  greatly  to  be  wished  that  he  would  put  this  almost 
fiiualung  stroke  to  die  noble  work,  and  enable  Mr.  Church- 
man, or  some  fitter  person,  if  such  can  be  found,  to  prose- 
cute this  most  interesting  inquiry.     Almost  every  tlnug  that 
can  be  desired  would  be  obtained  by  a  few  welLchosvn  ob- 
servations mode  in  those  regions.     It  would  be  of  immense 
advantage  to  have  the  dips  ascertained  with  great  ])rccision. 
These  would  enable  us  to  judge  at  what  depth  under  the 
sur&ce  the  pole  is  situated  ;  for  the  well  informed  mechani- 
oan,  who  will  study  seriously  what  we  have  said  about  the 
magnetical  curves,  will  sec  that  a  compass  needle,  when  com- 
pared with  the  great  terrestrial  magnet,  is  but  as  a  particio 
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of  iron-filings  compared  to  a  very  lai^  artifidal  magnet. 
Therefore,  from  the  position  of  the  dipping  needle,  we  may 
infer  the  place  of  the  pole,  if  the  law  of  magnetic  action  be 
given ;  and  this  law  may  be  found  by  means  of  other  ex- 
periments which  we  could  point  out 

Mr.  Churchman  has  adopted  the  ojnnion  of  only  two 
poles.    According  t<f  him,  the  north  pole  lies  (ia  1800)  in 
Lat  58^  N.  and  Long.  134^  west  from  Oreenwich,  very 
near  Cape  Fair-weather ;  and  the  south  pole  lies  in  Lat.  58^ 
S.  and  Lon.  165^  E.  from  Greenwich*.    He  also  imagines 
that  the  north  pole  has  moved  to  the  eastward,  on  a  paral- 
lel of  latitude,  about  65^  since  the  beginning  ctbust  century 
(from  1600),  and  concludes  that  it  makes  a  revolution  in 
1096  years.    The  southern  pole  has  moved  lesa^  and  com- 
pletes its  revolution  in  2389  years.    This  mo&m  he  ascribes 
to  some  influences  which  he  calls  magnetic  f itZef,  and  which 
he  seems  to  consider  as  celestial.    This  he  infers  from  the 
changes  of  variation.    He  annotmces  a  phydcal  theory  on 
this  subject,  which,  he  says,  enables  him  to  compute  the  va- 
riation with  precision  for  any  time  past  or  to  come ;  and  he 
even  gives  the  process  of  trigonometrical  computation  illus- 
trated by  examples.     But  as  this  publication  (entided  7% 
Magnetic  Atlasy  published  for  the  Audior,  by  Darton  and 
Harvey,  1794)  is  only  a  program,  he  expresses  himself  ob- 
scurely, and  somewhat  enigmatically,  respecting  his  theory, 
waiting  for  encouragement  to  make  the  observations  whidi 
are  necessary  for  completing  it     He  has,  in  the  mean  time, 
accompanied  his  account  of  tiie  theory  with  a  chart,  in  the 
form  of  gussets,  for  covering  a  globe  of  15  inches  diameter, 

*  M.  Biot  has  ihewn,  from  a  compariton  of  the  obterratknis  of  La  FeyiooKi 
Uumboldt,  Bayly,  and  Lacaille,  that  the  magnetic  equator  is  m  great  oncla  of 
the  terrestrial  sphere,  inclined  12^  to  the  equator,  aud  has  its  western  node  in 
113°  IV  of  west  longitude,  near  the  island  Gallego,  and  the  oUieroodein 
393°  IV.  By  examining  however  the  observations  of  Bayly  aad  Cook,  made 
in  1777,  he  has  found  that  the  magnetic  equator  is  irregular,  crauiaf  the  equa- 
tor at  least  three>  and  perhaps  four  times.  The  magnetic  poles  are  in  78^  of 
lat  and  203<)  14'  of  west  long.— En. 
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cit^eeting  very  juatly  to  the  great  distortion  which  Wright's 
charts  occasion  in  every  part  near  (he  poles.  This  distor- 
tion is  such  as  totally  to  change  the  ap}x;amnce  of  the  curves 
in  those  very  places  where  their  appearance  and  magnitude 
are  of  the  greatest  moment. 

Mr.  Churchman  has  also  accompanied  liis  work  with  the 
returns  which  he  has  received  from  several  persons  eminent 
for  their  rank  or  learning,  to  whom  he  had  applied  for  en- 
couragement and  assistance.  They  arc  polite,  hut,  we  think, 
not  so  encouraging  as  such  zeal  in  such  a  cause  had  good 
reason  to  expect.  We  acknowledge  that  there  are  cirdim- 
stances  which  justify  caution  in  promises  of  this  nature.  His 
proffers  are  very  great,  and  not  <]iiali&ed  with  any  doubt- 
Some  of  his  proofs  are  not  very  convincing,  and  there  arc 
some  considerable  defects  in  the  scientific  part.  He  speaks 
in  such  terms  of  the  magnetic  influences  as  pliunly  lead  as  to 
conclude  thai  they  resemble,  in  effect  at  least,  the  ordinary 
actions  of  magnets.  He  speaks  of  the  influence  of  one  pole 
bong  greater  than  that  of  the  otlier :  and  says,  that  in  this 
Kjttu  the  magnetic  equator,  where  the  needle  will  be  parallel 
I  Ibe  axis,  will  not  be  in  the  middle  between  the  poles, 
bis  is  true  of  a  common  magnet.  He  must  therefore 
ide  by  this  supposition  in  its  other  consequences.  The 
Mtic  meridians  must  be  planes  passing  through  this  axis, 
I  therefore  must  be  drclcs  on  the  surface  of  the  earth. 
m*  is  incompatible  with  the  observations;  nay,  his  charts 
B  W  in  many  places,  particularly  in  the  Pacific  Ocean, 
B  the  variations  by  his  chart  are  tliree  times  greater 
B  what  has  been  oberved. — His  parallels  of  dip  are  still 
e  (Cerent  from  observation,  ind  are  incompatible  with 
^y  phenomena  that  could  be  produced  by  a  maguet  hav- 
f  but  two  poles.  His  rules  of  computation  arc  excceding- 
I  exceptionable.  He  has  in  fact  but  one  example,  and 
t  so  particular,  that  the  mode  of  computation  wil!  not 
Uply  to  any  other.     This  circumstance  is  not  taken  notice 
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is  made  to  imagine  that  he  has  got  a  rule  for  computing 
the  variation,  whereas  all  the  rules  of  calculation  are  only 
running  in  a  circle.     The  yariation  computed  for  the  port 
of  St  Peter  and  Paul  in  Eamtschatka,  by  the  rule,  is  ten 
times  greater  than  the  truth.     This  is  like  the  artifice  of  a 
book-maker.     We  do  not  meet  with  addition  to  our  know- 
ledge on  the  subject.     The  author  seems  to  know  some- 
thing of  Eulcr^s  merit;  but  instead  of  prosecuting  the  sub- 
ject  in  his  way,  he  gives  us  an  uninteresting  account  of  the 
surmises  of  a  number  of  obscure  writers  about  the  difficulty 
of  the  task ;  and  we  think  that  Mr.  Churchman  has  left  us 
as  much  in  the  dark  as  ever.     The  observation  of  the  con- 
nection  of  the  polarity  of  the  needle  with  the  auroca  borealis 
occurred  to  the  writer  of  this  article  as  early  as  ITSS,  when 
a  midshipman  on  board  the  Royal  William  in  the  River  St. 
Laurence.     Some  of  the  gentlemen  of  the  quarter-dedc  are 
still  alive,  and  may  remember  this  circumstance  bdog  point- 
ed out  to  them  one  evening,  when  at  anchor  off  the  Isleaux 
Coudres,  during  a  very  brilliant  aurora  borealis.     The 
point  of  the  heavens  to  which  all  the  rays  of  light  amveig- 
ed  was  precisely  that  which  was  opposite  to  the  south  end 
of  the  dippng-needle.     The  observation  was  inserted  in  the 
St.  James's  Chronicle,  and  afterwards  (about  1776)  in  tho 
London  Chronicle,  witli  a  request  to  navigators  to  take  no- 
tice of  it,  and  communicate  their  observations. 

For  our  own  part,  we  have  little  hopes  of  this  proUem 
ever  being  subjected  to  accurate  calculation.  We  bdiev^ 
indeed,  that  there  is  a  cosmical  change  going  on  in  the  earth* 
which  will  produce  a  progressive  change  in  the  variation  of 
the  needle;  and  we  see  none  more  likely  than  Dr.  Halley** 
notion.  There  is  nothing  repugnant  to  our  knowledge  of 
the  universe  in  the  supposition  of  a  magnetic  nucleus  i^ 
volving  within  this  earth ;  and  it  is  very  easy  to  conceive  a 
very  simple  motion  of  revolution,  which  shall  produce  the 
very  motion  of  the  sensible  poles  which  Mr.  Cburehmaa 
contends  for.    We  need  only  suppose  that  the  mi^paeiical 
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[this  nucleus  is  not  its  axis  uf  revolution.  It  may  not 
■Kct  that  a\is;  and  this  circu  in  stance  will  cau&e  the 
ies  to  have  diiferent  degrees  of  motion  in  relation  to 
tU  which  surrounds  it. 

Kthis  regular  progress  of  the  magnet  within  the  earth 
loduce  very  irregular  motions  of  the  compass  needle, 
t  intervcntioa  of  a.  third  body  susceptible  of  niagnet- 
the  tlieory  of  which  we  have  just  given  a  hint  comti 
Bour  assistance.  Suppose  NS  (Plate  IV.  fig.  35.)  (o 
int  the  primitive  magnet  in  the  earth,  and  tij  to  be  a 
p  of  iron-ore  susceptible  of  magnetbrn.  Also  let  «' «' 
dier  small  mass  of  a  similar  ore;  and  let  their  situa- 
jlftd  magnitudes  be  such  as  is  exhibitcil  in  ihc  figure. 
bet  will  be,  tiuit  n  will  be  the  north  pole  and  t  the 
Bule  of  the  great  stratum,  and  n'  and  x  will  be  the 
nd  south  pules  of  the  small  moss  or  londiitonc  Any 
inay  remove  all  doubts  as  to  this,  by  making  ihe  ex- 
It  wiih  a  magnet  NS,  a  piece  of  iron  or  soft  (emper- 
:n  t,  and  another  piece  n  » .  The  well  informed  and 
B  reader  will  easily  see,  that  bv  such  interventions 
bnceivable  anomaly  may  be  produced  While  the 
IBgnct  makes  a  revululion  in  any  dirL-ctton,  the  nee- 
change  lis  position  gradually,  and  with  a  certain  re- 
t;  but  it  will  depend  entirely  on  the  size,  shape,  and 
I,  of  these  intervening  massLS  of  magnctisable  iron- 
Bther  the  change  of  variation  of  the  compass  shall 
;«&  the  primitive  magnet  alone  woidd  have  produced, 
her  it  shall  be  of  a  kind  wholly  difierent. 
ithat  such  intervening  disturbances  nay  exist,  is  past 
Btion.  We  knuw  that  even  on  the  film  iif  earth 
t  inhabit,  and  wilh  which  only  we  are  OLtiuainted, 
extensive  strata  or  otherwise  disposed  musws  of 
ale  suMreprible  of  magnetiiin) ;  and  ex|ieri- 
ide  on  bars  of  hard  tempered  steel,  and  on  bits  uf 
,  AMurc  us  thst  the  magnoliim  is  nut  induced  on 
9  tn  A  OMimenl.  but  propagate'  raditally  alon^ 
— Tlwt  auch  <luturi»iic«a  ik         wily  exist,  »« 
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have  many  relations.  There  are  man j  initanoes  on  record 
of  veFy  extensive  magnetic  rocks,  wbdcb  affect  the  needle 
to  very  considerable  distances.  The  island  of  Elba  ia  the 
Mediterranean  is  a  very  remarkable  instance  of  this.  The 
island  of  Cannay  also,  on  the  west  of  Scollaad,  has  rocks 
which  aiFect  the  needle  at  a  great  distance. 

A  similar  effect  is  observed  near  the  Feroe  ieUuMk  ra  the 
North  Sea ;  the  compass  has  no  detcrmbed  dttvctien  when 
brought  on  shore.    Jaum.  des  Sgawins^  1679,  p.  174v 

111  Hudson^s  Straits,  in  latidude  63*,  the  needle  has  hud* 
ly  any  polarity.     Ellia^  ^9yf^  to  HudsmCM  Boj^ 

Bouguer  observed  the  same  thing  in  Peru.  Vmf^  we  be* 
lieve  that  almost  all  rocks,  especially  of  whin  ar  tiajppe  stone, 
contain  iron  in  a  proper  state. 

All  this  refers  only  to  the  thin  crust  through  whkili  the 
human  eye  lias  occasionally  penetrated.    Of  what  may  be 
below  we  are  ignorant ;  but  when  we  see  oppeannees  which 
tally  so  remarkably  with  what  would  be  t^  effects  of  grcit 
masses  of  magnetical  bodies,  modifying  the  genctat  and  le* 
gularly  progressive  action  of  a  piimitive  magatt,  wfanse  m^ 
istence  and  motion  is  inconsistent  with  nothing  that  we  kndw 
of  this  globe,  this  manner  of  accounting  for  die  observed 
ciiange  of  variation  has  ail  the  probability  that  we  can  desbe 
Nay,  wc  appreiiend  that  very  considerable  changes  nay  be 
produced  in  the  direction  of  the  compass  needle  even  with- 
out the  supposition  of  any  internal  motion.  If  the  great  mag- 
net resembles  many  loadstones  we  are  acquainted  'with,  hav- 
ing more  than  two  poles,  we  know  that  these  poles  will  aut 
on  each  other,  and  gradually  change  each  other^a  fom»  and 
consequently  the  direction  of  the  compass.    Tbia  prooBH)  to 
be  sure,  tends  to  a  state  of  things  which  will  change  ao  moR' 
—But  the  period  of  human  history,  or  of  the  histoiy  of  the 
race  of  Adam,  may  make  but  a  small  part  of  the  histoiy  of 
this  globe;  and  therefore  this  objection  is  of  little  ibicr* 

There  can  be  no  doubt  ot*  the  operation  of  the  geocffl 
terrestrial  magnetism  on  every  thing  susceptible  of  flsagnelic 
properties ;   and  we  cannot  hesitate  to  expbun  in  this  iv^ 
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Buny  changes  of  magnetic  direction  which  have  been  ob- 
lerred.  Thus,  in  Italy,  Father  de  la  Torre  observed,  that 
during  a  great  eruption  of  Vebuvius  the  variation  was  16^ 
A  the  morning,  at  noon  it  was  14^,  and  in  the  evening  it 
iras  10*,  and  that  it  continued  in  that  state  till  the  lava  ^rew 
n  dark  as  no  longer  to  be  visible  in  the  night  ;  after  which 
t  slowly  increased  to  IS**,,  where  it  remained.  Daniel 
Bernoulli  found  the  needle  change  its  position  46'  by  an 
BUthqiiake.  Professor  Muller  at  Manheim  observed  that 
the  declination  of  the  needle  in  that  place  was  greatly  af« 
beted  by  the  earthquake  in  Calabria.  Such  streams  of  lava 
n  flowed  from  Hekia  in  the  last  dreadful  eruption  must 
bave  made  a  transference  of  magnetic  matter  that  would 
Donnderably  affect  the  needle.  But  no  observations  seem  to 
bave  been  made  on  the  occasion;  for  we  know  that  com- 
mon iron-stone,  which  has  no  effect  on  the  iioiulle,  will,  by 
nete  cementation  with  any  inflammable  substance,  Income 
nagnetic.  In  this  way  Dr.  Knight  sometimes  made  artifi- 
aal  laadstones.— But  these  are  partial  things,  and  not  con- 
aieled  with  the  general  change  of  variation  now  under  con- 
ndemtioD. 

We  have  said  so  much  on  this  subject,  chiefly  with  the 
riew  of  cautioning  our  readers  against  too  sanguine  expecta^ 
dons  from  any  pretensions  to  the  solution  of  this  grtat  pro- 
blem. We  may  certainly  gather  fnim  these  observations, 
that  even  although  the  theory  of  the  variation  should  be 
Rxnpleted,  we  must  expect  (by  what  we  already  know  of 
mif^netism  in  general)  that  the  disturbances  of  the  needle, 
by  1oeri-*causes  intervening  between  it  and  the  great  influ- 
fay  wluch  it  is  chiefly  directed,  m.iy  be  so  considerate 

to  affect  the  position  of  the  compass  needle  in  a  very  sen- 
manner  :  for  we  know  that  the  metallic  substances  in 
the  bowels  of  the  earth  are  in  a  state  oCcontinual  change, 
and  this  to  an  extent  altogether  unknown. 

There  is  another  irregularity  of  the  marine/s  needle  that 
we  have  taken  no  notice  of,  namely,  the  daily  variation. 
Thb  was  first  observed  by  Mr.  George  Graliam  in  1722 
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{PfiiUaophLd  Tramaciion$^  No.  3!>3,)  and  reported  to  the 
liuynl  S<x:iety  of  London.  It  usiudlv  moves  (at  least  in 
iCiiro|>e)  to  tile  webiward  from  8  morning  uU  2  P.  M.  and 
tljc'ij  gviulually  returns  to  its  former  atuation.  The  <fiiir- 
jml  variutiun»  arc  beldom  less  tlian  0^  5',  and  often  much 
greHlcr.  Mr.  Graham  mentions  {PhSo$opkkal  Trmuattrntj 
Nu.  4^N.)  some  observations  by  a  Captiun  Hume,  in  a  Toyage 
to  Anieriia,  where  he  found  the  variation  greatest  in  the 
al'terniHin.  This  being  a  general  phenomenon,  has  aboat- 
troi'tecl  the  attention  of  philosophers.  The  most  detailed 
aecduntii  of  it  to  bo  met  with  are  those  of  &Ir.  Canton,  in 
}*hiliuiophical  l^ransaciions.  Vol.  LI.  Part  1.  p.  999,  and 
thoM*  o(  Van  Swinden,  in  his  Treatise  on  EUedtnahftadMag" 

HftiitlH. 

It  appears  from  Cantou*s  observations,  dnt  although 
there  Iv  great  irregularities  in  this  diurnal  change  of  poatioo 
oi'  the  manner's  ntxxile,  there  is  a  certain  avenge,  which  it 
kept  up  with  considerable  steadiness.  The  fiaDowing  table 
ihtfws  the  avora^'  of  i;:vLite:>t  dailv  change  of  poaitiooio  the 
d:;Kreat  iiioii:!:>  of  ihe  vtjr,  v-bserved  m  Mr.  CantOD^i} 
hoci>e^  Sjjiu^l  Square,  in  1739. 

Jaiuiarv       7'  S  July        13^14" 

Fcbi  uarv    S  SJ  August  12  19 

M.irch   '    1 1  ;?7  Sent.        1 1  43 

A;.iu  1^  iij  October  10  36 

Mav  13  —  Nov.  9 

Juiii;  l.j  iL  Dec.  ^5  :38* 

Mr.  v'aiuoii  iC!:tnipi>  '.o  aCwmm:  rbr  the?e  diangesofposi- 
jou,  by  •jo&ervintc  :iiat  "Jie  force  of  a  magnet  is  weakened 

!'">».■  •"•  iI.wiu'j:  ■»-«.i  .f«  •e«.Micf*'i  -'T"ia  '-'err  nt'onrate  obsenrmtianf  •••■f 
C'-lfjii*?!  ?W:au.-,y  »t  .t;cK;:'rv.  a  .*tst  loiitr.  'V  -jVu"  '"  time,  and  not*** ^^  » 
-  ■>  ".'' .   *iii -new    nir   ,r«.i^'^«.i   jai  r -ariatiuu  111  ttie  vcrar  li}l3. 

'''■■.  Nov.   :i.       it      +8 

"t      .■•■.  -        ■  ■  ,.    i.ui.  M.        <5       •* 

•  ^i'-.    ."  •        "  I'VU    I«i        11      47 

n»'  :wo  >'ari.iL.i>ii>,   ■(  vnn  ;i  :'!»*  <^r«*i'*'f*:iii;  nnini>era  arc  iJie uiftrentH* *"■ 

iNs.ii  ivjwui    Mfciiij  I   .-.iji  -     J    -It- .ni.T:Miiir,  luii  I  wo  i-.i  the  afternoon.  The  >■•*• 

1    ■    ' 'uiu  :i    ^-i  V  III   •,*.-ri«  - .  .     iii"ir       i)«#>rv:iiions  bv  ^■•>Ionrl  Bewifcfi" 
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by  hcnt.     A  small  magnet  being  ptaccd  near  a  compass 
needle,  ENE  from  it,  so  as  to  make  it  deflect  45°  from  the 
natural  position,  the  magnet  was  covered  with  a  brass  vessel, 
into  which  hot  water  was  poured.     The  needle  gntdiiiilly 
recede<l  from  Ihe  magnet  ^ihs  of  a  degree,  and  returned 
i^radually  to  its  place  as  tlie  water  cuuled.     ThiE  is  confirm- 
d  by  uiiifurm  experience. 
The  parts  of  the  earth  lo  tlie  eastward  are  first  healed  in 
e  morning,  and  therefore  the  force  of  the  earth  is  wcaken- 
,  and  Ihe  needle  is  made  to  move  to  the  westward.     But 
i  the  sun  warms  the  western  side  of  the  earth  in  the  after- 
ion,  the  motion  of  llie  needle  must  take  the  contrary  tli- 
set  ion. 
But  thia  way  of  exptaining  by  a  change  in  the  force  of 
lUie  earth  supposes  that  the  changing  cause  is  -acting  in  op- 
position lo  some  other  Ibrcc.     We  do  not  know  of  any  such. 
The  force,  whatever  it  is,  seems  simply  to  produce  its  own 
tfect,  in  deranging  the  needle  from  the  direction  of  terrea- 
i  magnetism.     If  i'Epintis's  theury  of  magnetic  action  be 
nitted,  nta.  that  a  bar  of  steel  has  magnetism  induced  on 
it  by  propelling  the  quiescent  and  mutually  repelling  parti- 
les  of  magnetic  fluid  lo  one  end,  or  attracting  them  to  the 
Lher,  we  may  Gupi>ose  that  the  sun  acts  on  the  earth  as  a 
rnet  acts  on  a  piece  of  soft  iron,  and  in  the  morning  pnipels 
e  fluid  in  the  north-WL'St  parts.     The  needle  dirccls  itself 
p  this  constipated  fluid,  and  therefore  it  points  to  the  east- 
d  of  the  magnetic  north  in  the  afternoon.     And  (to  abide 
f  the  same  theory)  this  induced  magnelixm  will  be  some- 
lat  greater  when  the  earth  is  wanner;  and  therefore  the 
thumal  variation  will  be  greatest  in  summer.     This  change 
if  position  of  the  constipated  iluid  mikit  be  supposed  to  bear 
I  very  email  ratio  (o  the  whole  fluid,  which  is  naturally  sup- 
\  to  be  constipated  in  one  pole  of  the  great  magnet  in 
rder  to  give  it  magnetism.     Thus  we  shall  have  the  diur- 
i  variati'tn  a  very  small  quantity.    This  is  departing,  how- 
krer,  from  the  principle  of  Mr,  Canton's  explanation  ;  end 
^eed  we  cannot  see  how  the  weakening  the  general  force 
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of  the  terrestrial  magnet  should  make  any  change  in  the 
needle  in  respect  to  its  direction;  nor  does  it  appear  proba- 
ble that  the  change'  o  temperature  produced  by  the  sun 
will  penetrate  deep  i^nough  to  produce  any  sennble  effect  on 
the  magnetism.  And  if  this  be  the  cause,  we  think  that  the 
derangements  of  the  needle  should  vary  as  the  thermometer 
varies,  which  is  not  true.  The  other  method  of  exphnning 
is  much  better,  if  iEpinus's  theory  of  magnetic  attraction 
and  repulsion  be  just ;  and  we  may  suppose  that  it  is  only  tbo 
secondary  magnetism  (t  e.  that  of  the  magnetisaUe  miner- 
ah)  that  is  sensibly  affected  by  the  heat ;  this  will  aooouot 
very  well  for  the  greater  mobility  of  the  fluid  in  summer  than 
in  winter. 

A  great  objection  to  either  of  these  exphmatams  is  the 
prodigious  diversity  of  the  diurnal  variations  in  Afferent 
places.  This  is  so  very  great,  that  we  can  hardly  ascribe 
the  diurnal  variation  to  any  change  in  the  magnetism  of  the 
primitive  terrestrial  magnet,  and  must  rather  look  for  its 
cause  in  local  circumstances.  This  conclusion  becomes  more 
prol)able,  when  we  learn  that  (he  deviation  from  the  meri- 
dian and  the  deviation  from  the  horizontal  line  are  not  affect- 
ed  at  the  same  time.  Van  Swinden  ascribes  them  solely  to 
changes  produced  on  the  needles  themselves.  If  their  mag* 
netism  be  greatly  deranged  by  the  sun^s  position,  it  maj 
throw  the  macj^netic  centre  away  from  the  centre  of  the 
needlt's  m  >tion,  and  thus  may  produce  a  very  small  change 
of  position.  Hill  if  this  be  the  cause,  we  should  expect  dit 
ferences  in  different  needles.  Van  Swinden  says,  that  there 
are  such,  and  that  they  are  very  great ;  but  as  he  has  sot 
specified  them,  we  cannot  draw  any  conclusion. 

But.  besides  this  regular  diurnal  variation,  there  is  soo- 
ther, which  is  subjected  to  no  rule.  The  aurora  boresEs 
is  obstTved  (in  Europe)  to  disturb  the  needle  exceedingly) 
someti:.ies  drawing  it  several  degrees  from  its  positimi.  It 
is  n-vays  observed  to  increase  its  deviation  from  the  men- 
dian,  tliat  is,  an  aurora  borealis  makes  the  needle  point  more 
westerly     This  disturbance  sometimes  amounts  to  six  or 
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seven  degrees,  and  is  gcoeraliy  observed  to  be  greatest  vben 

the  aurora  borealis  is  most  remarkahlc. 

This  is  a  very  curious  phenomenon,  and  we  have  not 

*been  able  to'fiDd  any  cminection  between  this  mcieor  and 

ftthe  position  of  a  magnetic  needle.     It  is  to  be  observed, 

Kthat  a  needle  of  copper  or  wood,  or  any  substance  besides 

i  not  affected.     Wc  long  tlioitght  it  an  electric  phe- 

tomenon,  and  lliat  the  needle  ws«  afTccicd  as  any  other 

idy  balanced  in  the  utoe  iBHtiner  nould  be ;  but  a  copper 

peedle  would  then  Ik  afTected.     Indeed  it  may  still  be  doubt- 

I  whether  the  aun)ra  borealis  be  an  electric  phenomenon. 

H'hey  are  very  frequent  and  remarkable  in  Sweden  ;  and  yet 

Krgman  say*,  that  he  never  observed  any  electric  symptoms 

Wilt  them,  though  in  ific  mean  time  tlie  magnetic  needle 

s  greatly  affected. 

We  see  the  needle  frequently  disturbed  both  from  its  ge- 

neral  annual  position,  and  from  the  change  made  on  it  by 

the  diurnal  variation.     This  is  probably  the  effect  of  aurorte 

boreales  which  are  invisible,  either  on  account  of  thick 

weather  or  day-light.       Van  Swindon  says,  be  seldom  or 

never  failed  to  observe  auroiK  boreales  immediately  after  any 

anomalous  motion  of  the  needle;  and  concluded  that  there 

bad  been  one  at  the  time,  titough  he  could  not  tec  it    Since 

no  needle  but  a  magnetic  one  is  affected  by  the  aurora  bo- 


realis. 


e  may 


conclude  that  there  is  some  natural  c 


tion  between  this  meteor  and  roagueii&m.  This  iibould  far- 
ther incite  us  to  observe  the  circumstance  formerly  mention- 
ed,  ou.  that  the  south  end  of  the  dipping  needle  points  to 
that  part  of  the  heavens  where  iheraye  of  tlicaurors  appear 
to  converge.  We  wish  that  this  were  diligently  observed  ia 
places  which  have  very  different  variation  and  dip  of  the  ma- 
riner's needle. 

For  Ifie  diurnal  and  this  irregular  variation,  consult  the 
Dissertations  of  Celsius  and  of  Iliortcr,  in  the  Metnoir*  of 

eekholm  ;  Wargentin,  Phiiotophiad  Transatiians,  Vol.  AS. 
^  Comment.  PttrofuL  Nwi,  T.  V.  VII.  IX.;  Graham 

1  Canton  as  above. 
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33^.  Whek  the  considerate  reader  reflects  on  the  large  ni 
almost  numberless  dissertations  on  this  subject,  by  the  mnt 
eminent  pliiio^tphers,  mathematicians,  and  artists,  both  of 
ancient  and  modern  times,  and  the  important  points  whidi 
divided,  and  still  divide,  their  opinions,  he  ivill  not  surdj 
expect,  in  a  Work  like  this,  the  decision  of  a  question  which 
has  hitherto  eludetl  their  researches.    He  will  rather  heUh 
pose<K  perhaps,  to  wonder  how  a  subject  of  this  nature  erer 
acquired  such  importance  in  the  minds  of  persons  of  sudiic- 
l&nuwledged  talents  as  Pythagoras,  Aiistotle,  EucHd,  Ptol^ 
my,  Galileo.  Wallis  Euler,  and  many  others,  who  have  writ- 
ten elaborate  treatises  on  the  subject ;  and  his  surprise  will 
increase,  «  hen  he  knows  that  the  treatises  on  the  scale  of  mih 
sic  are  as  numerous  and  voluminous  in  China,  without  any 
appearance  of  their  being  borrowed  from  the  ingenious  and 
^speculative  Greeks. 
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The  ingenious,  in  all  cultivated  nations,  have  remarked 
he  great  influence  of  music  ;  and  iliey  found  no  diflicully 
in  persuading  the  nations  that  it  was  a  gift  of  the  gods. 
Apollo  and  his  sacred  choir  are  perhaps  the  most  reepcct- 
ible  inhabitants  of  the  mythological  heavens  of  the  Greeks. 
Therefore  all  nations  have  considered  mustc  as  a  propiT  part 
iftheir  religious  worsliip.  We  doubt  not  but  that  they  found 
t  lit  for  exciting  or  supporting  those  emotions  and  sentiments 
'hicii  were  suited  to  adoration,  thanks,  or  petition.  Nor 
ould  the  Greeks  have  admitted  music  into  their  serious 
^aiiia^i  'f  they  had  not  perceived  that  it  heightened  ilie  ef- 
-t.  The  same  exjwrience  made  tliem  employ  it  as  an  aid 
military  enthusiasm  ;  and  it  is  recorded  as  one  of  the  re- 
ectable  accomphshments  of  Epaminondas,  [hat  he  had  the 
jsiod  instructions  of  the  first  masters,  and  was  eminent  as 
serformcr. 

7*faus  was  the  study  of  music  ennobled,  and  recommend- 
ihe  attention  of  the  greatest  philosophers.  Its  cul- 
;  held  an  object  of  national  concern,  and  its 
irs  were  not  allowed  to  corrupt  it  in  order  to  gratify 
itidious  taste  of  the  luxurious  or  the  sensualist,  who 
iiglii  from  it  nothing  but  amusement.  But  its  influence 
IS  not  confined  to  these  public  purposes  ;  and,  while  the 
en  of  speculation  found  in  music  an  inexhaustible  fund  of 
iploymi'nt  for  their  genius  and  penetration,  and  their  poets 
Ll  its  aid  in  their  compositions,  it  was  hailed  by  persons  of 
aa  the  soother  of  the  cares  and  auKieties,  and  swcet- 
thc  labours  of  life.     O  Phttbc  dtcua  '.-—lahonan  Jvice 


i  It  is  chiefly  in  this  humble  department  of  musical  iu- 

e  that  we  propose  at  present  to  lend  our  aid. 

I  be  able  to  tune  a  harpsichord  with  certainty  and  ac- 

,  seems  an  indispensible  qualification  of  any  person 

f  of  the  name  of  o  tnuxictan.      It  would  certfuniy  be 

inpardonablc  deficiency  in  a  violin  performer  if 

i  not  tune  his  inslrumcnt;  yet  we  are  well  inform- 
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ed,  that  manv  protessional  perfonnen  od  the  hflrpnciiotd 
cannot  do  it,  or  cannot  do  it  asj  other  waj  chMi  by  uncer- 
tain and  painful  trlai,  and,  as  it  were,  gmping  in  the  dark ; 
and  that  the  tuning  ot'harpsicfaoids  and  organs  is  oomniUid 
cntireiy  to  tuners  by  protessioo.     This  is  a  great  inoanvcb 
nience  to  persons  residing  in  the  coimtrj;  and  thercfive 
manv  take  les^os  from  the  profcaaed  faarpncfaord  tunen^ 
who  aliso  profess  to  teach  this  art.      We  have  been  present 
during  some  of  these  ieseons :  but  it  did  not  appear  to  m 
that  the  instructions  were  such  as  could  enable  the  scholar 
to  tune  an  instrument  when  alone,  unle:»s  the  lessons  had 
been  so  frequent  as  to  form  the  ear  to  an  LnstaBtaneoas  judjge^ 
ment  of  tune  br  the  same  habit  that  had  instmcted  the  teach- 
er.     There  seemed  to  be  Uttle  primiple  that  conld  be  trea- 
sured up  and  recoUected  when  wanted. 

33«  I.  Vet  ve  cannot  help  thin  king  that  there  are  phcnome* 
na  €^  facts  in  music  suffidjendr  precise  to  fiimish  principki 
of  ab^al'Jte  certainty  for  enabling  us  to  produce  tempers 
menis  of  the  scale  which  shall  hare  detomined  characto^ 
and  arcong  which  ve  miy  choose  such  a  one  as  shall  he  pro* 
fcrsbie  :o  the  o'.faerf,  accoixiins  to  the  purposes  ve  have  ia 
Tier:  and  we  tbiL^  that  these  principles  aie  of  such  eisj 
application,  that  any  person,  of  a  modeimte  seostbiUty  to  jiut 
intonaron.  may.  wi'.hou:  mu^  knowledge  or  practice  in  rnu- 
ac,  tune  his  harDficfaond  w::h  ali  desirable  accuracy.     We 
propoK  to  lay  these  beiore  the  reader.     We  might  oootent 
ourselves  with  simp'y  giiicg  the  practical  rules  deduced  fioa 
the  priTiciples :  but  it  is  *ure3y  ckhv  desirable  to  perceive 
the  vaii  j::y  o\  the  principles.     This  will  give  us  confidesce 
1!)  the  de-jiicc-i  raies  of  practice. 

v>31  Ii  is  a  cost  remark^ibic  fsct,  that,  in  all  nations,  hor- 
i  ver  thev  inaT  diier  in  the  «pjc:'jre  of  that  chaunc  whicli 
vc  c&ii  the  aocen:.  or  toce.  or  twang,  -n  the  colloquial  htk' 
ii^.^C'C  : :'  a  paniciibr  na::j.n.  or  ia  the  faTouriie  phrases  or 
)Vi>v.^cK  uj.ic::  are  tars:  treq-jent  in  their  aongs,  aJi  aw 
ruke  use  of  the  saae  rl>£5  and  falls,  or  inflections  of  voice 
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J  language  or  airs.  We  have  heard  the  MHigi 
Kjuois,  llie  Cherokee,  and  tlif  Et^uiamiix,  of  the 
id  the  iohabilaul  o(  Paraguay  '•  o<  the  Atrican  of 
d  and  of  tiie  Cape,  ami  of  tlio  Hiii<iuo,  the  Malay, 
Kttive  of  Otaheite — and  we  found  Done  that  made 
liferent  scale  froia  our  own,  although  several  aeeui- 
wery  wrry  performers  by  any  scale.  There  iiiu&c 
aatural  foundation  for  this  uiufurmity.  We  may 
icover  this ;  but  ne  may  Ut;  fortunate  enough  to 
fact^  in  the  pheDumeaa  of  sound  which  invariably 
ly  certain  moditications  of  musical  aentimeni.  If 
ad*  we  are  entitled  to  suppose  that  such  insepa/ablc 
IDS  are  naturally  conntsctcd  ;  and  to  conclude,  that 
.Qosure  die  appearance  of  those  facts  in  sound,  we 
1  ^vc  occaeion  to  tliOEe  isu»cal  &euLiin«ats  or  itn- 

Sbcre  ia  a  quality  in  lengtjieiied  or  continued  sound 
1  call  iu  pitch  or  note,  by  whidi  it  may  be  occount- 
pr  Jioarse,  It  may  be  very  hoarse  iti  the  beginning, 
)g  its  CUD  tin  u  a  nee  it  may  grow  inoi:eand  moreshriU 
ceptiblc  gradations.  In  this  case  we  ate  sensible  of 
^progress  from  the  one  state  of  «ound  to  the  other. 
biJe  we  gently  draw  the  bow  across  the  string 
viol,  if  we  at  tlie  same  Ume  flide  the  finger  slowly 
ittnug,  from  the  But  towa,rd  the  bridge,  the  sound, 
Bg  hoaru:,  becomes  graduaiiy  acute  or  shrill. 
od  tohrill  therefore  are  uot  different  quahties,  at- 
hey  have  difierent  names,  but  are  diflereat  slates 
B  of  the  same  quahty,  like  cold  and  heat,  near  and 
'  uid  late,  or,  what  is  common  to  all  these,  little 
L  A  certiun  state  of  the  air  is  accounted  neither 
old.  All  states  on  one  side  of  this  are  called  warm 
imd  all  on  the  other  arc  cold.  In  like  manner,  a 
juod  is  the  boundary  between  thoiie  that  are  called 
id  tho»e  called  shrill.  Tlte  chemist  is  accustomed 
\ul  liie  temperature  pf  a  body  is  Jilghcr  wbca  it  is 
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iRrarmer,  and  lower  when  colder.  In  like  manner,  we  are 
accustomed  to  say,  that  a  person  ruses  or  depresses  the 
pitch  of  his  voice  when  it  becomes  more  shrill  or  more  bauK 
The  anticnt  Greeks,  however,  called  the  shriller  sounds  fav 
and  the  hoarser  sounds  high ;  probablj  because  the  houMr 
sounds  arc  generally  stronger  or  loudo*,  whieh  we  are  abi 
accustomed  to  consider  as  higher.  In  common  languagCi  t 
low  pitch  of  voice  means  a  faint  sound,  but  in  muskal  IsOi 
guage  it  means  a  hoarser  sound.  The  sound  that  is  neidar 
hoarse  nor  shrill  is  some  ordinary  pitch  of  ▼oice,  but  withoot 
any  precise  criterion. 

333.  The  change  observed  in  the  pitch  of  a  vioiin  strings 
when  the  finger  is  carried  along  the  finger-boaid  with  a  ood- 
tinued  motion,  is  also  continuous ;  that  is,  not  by  starts: 
we  call  it  gradual,  for  want  of  a  better  term,  altbougjh  gr^ 
dual  properly  means  gradatimj  by  degrees,  steps,  or  start% 
which  are  not  to  be  distinguished  in  this  experiment.    But 
we  may  make  the  experiment  in  another  way.    After  sotmd- 
ing  the  open  string,  and  while  the  bow  is  yet  moving  acvM 
it,  we  may  put  down  the  finger  about  1|  inches  from  the 
nut.     This  will  change  the  sound  into  one  which  is  wauMf 
shriller  than  the  former,  and  there  is  a  manifest  start  from 
the  one  to  the  other.     Or  we  may  put  down  the  finger  8} 
inches  from  the  nut ;    the  sound  of  the  open  string  vill 
change  to  a  shriller  sound,  and  we  are  sensible  that  this 
change  or  step  is  greater  than  the  former.     Moreover,  we 
may,  while  drawing  the  bow  across  the  string,  put  down  <m 
finger  at  If  inches,  and,  immediately  after,  put  down  as- 
other  finder  at  ^l  inches  from  the  nut.     We  shall  lii»e 
three  sounds  in  succession,  each  more  shrill  than  the  pns 
ceding,  with  two  manifest  steps,  or  subsultory  duuigef  Qf 
pitch. 

334.  Now  since  the  last  sound  is  thesameasif  thcMOQwi 
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B  the  other  two,  and  to  be  made  up  of  them,  us  a 
js  made  up  olits  parts,  or  as  2;  inches  are  tdoHc  up 
Hud  I  of  an  inch,  or  as  thf  sum  15  is  made  up  of  tO 

Thus  it  happens  that  thinking  persons  conceive 
^g  hke  or  analogous  to  a  distance,  or  interval,  he- 
'tliese  sounds.  It  is  plain,  however,  tliat  there  can 
iul  distance  or  space  interposed  between  (hem  ;  and 
I  easy  to  acquire  a  distinct  notion  of  the  bulk  or 
ide  of  these  intervals.  This  conception  is  purely  fi- 
fe and  aitaloj^cal :  but  the  analogy  is  very  good,  and 
lerration  of  it,  or  conjecture  about  it,  has  been  of 
ervicc  in  the  science  of  music,  by  making  us  search 
le  precise  measure  of  those  manifest  intervals  of  musi- 
Bd& 
>  It  must  now  be  remarked,  that  it  is  in  this  respect 

rtat  sounds  are  susceptible  of  music.  Nor  are  alt 
possessed  of  this  quality.  The  smack  of  a  whip, 
^toiion  of  a  musket,  the  rushing  of  water  or  wind,  the 
tof  some  ani^nals,  and  many  other  sounds,  botli  mo- 
and  continuous,  are  mere  noises ;  and  can  neither 
1  hoarsi?  nor  shrill.  Hut,  on  the  other  hand,  many 
which  differ  in  a  thousand  circumstances  of  loudness, 
JlownesE,  Ike.  which  make  them  pleasant  or 
ible,  iiave  this  quality  of  musical  pitch,  and  may 
pay  be  compared.  The  voice  of  a  man  or  woman,  the 
faf  a  pipe,  a  hell,  a  string,  the  voice  of  an  animal,  nay 
fie  blow  on  an  empty  cask — may  all  have  one  pitch, 
nay  be  sensible  of  the  interval  between  them.  We 
i«ll  oaseB,  tighten  or  slacken  llie  string  of  a  violin, 
:inost  uninformed  hearer  can  pronounce  with  cer- 
thai  the  pitch  b  llic  same.  AVe  are  indebted  to  llje 
Hod  Galileo  for  the  discovery  of  that  physical  cir- 
91C8  in  si!  those  sounds  whicli  communicates  tliiti 
jpble  quality  to  them,  and  even  enables  us  to  in- 
any  uoisv  whatever,  and  to  di'terinlne,   with 
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the  utmost  precUioii,  the  musial  pitch  td  die  miBd,  al 
the  interval  between  any  two  such  ammdi.  Of  thb  vt 
•hall  Apeak  fullj  hereafter;  and  at  preacDt  we  onlj  uhteiw^ 
that  two  sounds,  having  the  same'  fHtcfa,  are  called  unisms 
bj  musicians,  or  are  said  to  be  in  mmiwm  to  one  mnotbcr. 

.^37.  When  two  untauj^t  men  attempt  to  «ig  the  mm 
mv  tf>gether,  they  always  sing  in  umson,  unless  they  tipiusii 
ly  mean  to  sing  in  different  pitcbes  of  iroice.  Nay,  it  is  SB 
extremely  difficult  thing  to  do  otbenriae,  ezeept  in  a  fev 
▼ery  peculiar  cases.  Also,  when  a  man  and  wooao,  wboly 
uninstructcd  in  music,  attempt  to  sing  the  same  air,  tbeyak 
so  mean  to  sing  the  same  muucal  notes  throngh  the  whole 
air ;  and  they  generally  imagine  that  they  do  .aoi  But 
there  is  a  manifest  difference  in  the  sounds  which  they  ut» 
ter,  and  the  woman  is  said  to  sing  more  shrill,  and  the  \ 
man  more  hoaksr.  A  very  plain  experiflaent,  howefcr, 
will  convince  them  that  they  are  mistaken.  N.  A.  Weae 
now  supposing  that  the  performers  have  so  much  of  a  mad» 
cal  ear,  and  flexible  voice,  as  to  be  able  to  sii^  a  commod 
ballad,  or  a  psalm  tune,  with  tolerable  exactness,  and  tiiat 
they  can  prolong  or  dwell  upon  any  particnlar  note  when 
desired. 

Let  them  sing  the  common  psalm  tune  called  St  Davifi 
in  the  same  way  that  they  practice  at  church ;  and  when  tbey 
have  done  it  two  or  three  times,  in  order  to  fix  their  voicei 
in  tunc,  and  to  feel  the  general  impression  of  the  tane^  let 
the  woman  hold  on  in  the  first  note  of  the  tune,  which  we 
suppose  to  be  g^  while  the  man  sings  the  first  three  in  suc- 
cession, namely  §•,  J,  g.  He  will  now  perceive,  that  the  last 
note  sun^  by  himself  is  the  same  with  that  sung  by  the  wo- 
man, Aiui  which  she  thinks  that  she  is  still  holding  on  in  tbe 
first  note  of  ihc  tunc.  Let  this  be  repeated  till  the  perfbnn- 
nnoc  l)(H5omes  easy.  They  will  then  perceive  the  perfect 
wimrness,  in  rcsj.>ect  of  musical  pitch,  of  the  woman's  fint 
nolo  of  this  tune  and  the  man's  third  note.  Some  diflfeience 
however,  win  still  be  perceived ;  but  it  will  not  be  in  the 
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pitdi,  bat  in  the  smoothness,  or  clearness,  or  other  agreeable 
quitlity  of  the  wom;in'«  note. 

S3W.  When  this  is  plaitily  perceived,  let  the  man  try  by 
what  continued  steps  he  must  raise  his  pilch,  in  order  to 
wrire  at  the  woman's  note  from  his  own.  If  he  has  been  ac- 
customed to  common  ballad  singing,  he  will  have  no  great 
difficulty  in  doing  this ;  and  will  find  thiit,  beginning  with 
his  own  note,  and  singing,  gradually  up,  his  eighth  note  will 
be  tl]e  woman's  note.  In  short,  if  two  flutes  be  taken,  ona 
of  which  is  twice  aa  long  as  the  other,  and  if  the  man  wag 
in  unison  with  the  large  tfiitc,  the  woman,  while  sin^ng,  aa 
she  thinks,  the  same  notes  with  the  man,  will  bo  found  to 
be  singinv  in  unison  with  the  smaller  flute. 

339.  This  is  a  remarkable  and  most  important  fact  in  the 
phenomena  of  music.  This  interval,  comprehending  and 
made  up  of  seven  smaller  intervals,  and  requiring  eight 
•ounds  to  mark  its  steps,  is  therefore  colled  an  octave. 
Jiow,  since  the  female  performer  follows  the  same  dictates 
of  natural  ear  in  singing  her  tunc  that  tlie  man  fallows  in 
nnging  his,  and  all  hearers  are  sensible  that  ihcy  are  singing 
the  same  tune,  it  necessarily  follows,  that  the  two  serieses 
of  notes  arc  perfectly  bimilar.  though  not  the  same :  Fw 
there  must  be  the  same  interval  of  an  octave  between  anj 
step  of  the  lower  octive  and  tlie  same  step  of  the  upper  one. 
In  whatever  way,  therefore,  weconceive  one  of  these  octaves 
to  he  parcelled  out  by  the  different  steps,  the  pariiiion  of 
both  must  be  similar.  If  we  represent  both  by  lines,  these 
lines  mu!tt  be  simibrly  divided.  Each  partial  interval  of  the 
me  must  bear  the  same  relation  to  the  whole,  or  to  any  other 
interval,  as  lis  similar  interval  in  the  other  octave  bears  to 
the  whole  of  that  octave,  or  to  tlie  other  corresponding  in- 
terv&l  in  it. 
840  Farther,  we  must  now  observe,  that  although  this  si- 
_  Bularity  of  the  octaves  was  first  observed  or  discovered  by 
HHCsns  of  the  ordinary  voices  of  man  and  woman,  and  is  a 
^^Hptunate  inference  from  the  i)crfect  satisfaction  that  each 


3S4  T£51P£RAMfiKT  OS^ 

feels  in  singing  what  they  think  the  same  notes,  this  is  not 
the  only  foundation  or  proof  of  the  similarity.     Having  sc- 
quinsd  the  knowledge  of  that  physical  circumstanoey  on 
which  the  pitch  of  musical  sounds  depends^  we  can  demon- 
strate, with  all  the  rigour  of  geometry,  that  the  several  notes 
in  the  man  and  woman^s  octave  muat  have  the  same  relation 
to  their  respective  commencements,  and  that  these  two  great 
intervals  are  similarly  divided.     But  fiutber  stilly  we  csn 
demonstrate  that  this  similarity  is  not  confined  to  these  two 
octaves.     This  may  even  be  proved,  to  a  certain  extent,  bj 
the  same  original  experiment     Many  men  can  sing  two  oc- 
taves in  succession,  and  there  are  some  rare  examples  of  per- 
sons who  can  sing  three.     This  is  more  commoD  in  the  fe- 
male voice.     This  being  the  case,  it  is  plain  that  there  will 
be  two  octaves  common  to  both  voices ;  and  therefore  fouc 
octaves  in  succession,  all  similar  to  each  other.     The  same 
umilarity  may  be  observed  in  the  sounds  of  instruments 
which  differ  only  by  an  octave.     And  thus  we  demonstrate 
that  all  octaves  are  similar  to  each  other.     This  similaritj 
does  not  consist  merely  in  the  similarity  of  its  division.  The 
sound  of  a  note  and  its  octave  are  so  like  each  other,  that  if 
the  strength  or  loudness  be  properly  adjusted,  and  there  be 
no  difference  in  kind,  or  other  circumstances  of  cleameM^ 
smoothness,  &c.  the  two  notes,  when  sounded  together,  are 
indistinguishable,  and  appear  only  like  a  more  briUiaat 
note.     They  coalesce  into  one  sound.    Nay,  most  clear  wd' 
low  notes,  such  as  those  of  a  fine  human  voice,  really  con* 
tain  each  two  notes,  one  of  which  is  octave  to  the  other. 

341.  We  said  that  this  resemblance  of  octaves  is  anin- 
portant  fact  in  the  science  of  music.  IJVe  now  see  whjit 
is  so.  The  whole  scale  of  music  is  contained  in  one  octave^ 
and  all  the  rest  are  only  repetitions  of  this  scale.  And  thus 
is  the  doctrine  of  the  scale  of  melody  brought  within  a  ray 
moderate  compass,  and  the  problem  is  reduced  to  that  of  the 
repartition  of  a  single  octave,  and  some  attention  to  the 


juttction  vith  the  similar  scales  of  the  udjoining  octave's. 
This  parlitioii  in  now  to  be  the  subject  oi  discussion. 

3A-2.  In  the  infancy  of  i>o(.-iety  and  cultivatiuo,  it  is  proba- 
ble that  the  melodies  or  tunes,  which  ddighted  the  simple 
inhabitants,  were  equally  simple.  Being  the  spontaiieoiis 
eifusiuDS  of  individuals,  pcrbap»  only  occaS^ial,  and  never 
repeated,  they  would  perish  as  thst  as  produued.  The  airs 
were  probably  t-unnected  Willi  some  of  tlie  rude  rhioics,  or 
Kinglcs  of  woi-dn,  which  were  bmidied  about  at  their  bstivals ; 
Br  they  were  associated  with  dancing.  In  all  these  cases 
Wbfy  must  have  been  very  short,  consistii^  of  afew  favourite 
Htassagcs  or  musical  phrases.  This  is  the  case  with  theoom- 
^■OD  airs  of  all  simple  pt'ople  to  this  day.  They  seldom  ex- 
Hnd  beyond  a  short  stanza  of  poetry,  or  a  abort  movement 
Hf  dancing.  The  drlist  who  could  compobc  and  keep  in 
^■Htd  a  piece  of  cmisiderable  length,  must  have  been  a  great 
^■niy,  and  a  minstrel  ill  for  the  entertainment  of  princes;  and 
^■erefore  much  admired,  and  highly  rewarded:  his  excel- 
H^cJes  were  at  must  lucommunicabie,  and  could  not  be  pre- 
^HVed  in  any  other  way  but  by  repeated  pcrforlnunce  lo 
^B  auentive  hearer,  who  must  ajso  be  an  artist,  and  must 
^■tientjy  listen,  and  try  to  imitate;  or,  in  sliort,  to  get 
^Be  tune  by  lieart.  It  must  liavc  been  a  long  lime  betoro 
^Hf  distinct  notion  was  formed  of  (lie  relation  of  the  nott^s 
^H  each  other.  It  was  perhaps  impossible  to  recollect  li>- 
^B^  llie  preci:^  notes  of  yesterday-  There  was  notbing  in 
^Hbcb  they  were  lixed  till  instrumental  music  was  invrlU- 
^^L  This  lias  been  found  in  all  nations;  but  it  appears 
^Hlt  long  continued  cultivation  is  nccea^ary  for  raising  this 
^Bkin  a  very  simple  and  imperfect  stale.  The  most  refined 
^BAmtnent  of  the  Greek  musicians  was  very  far  below  our 
^Kty  ordinary  instruments.  And,  till  some  method  of  noLu 
^Bn  was.iuvenled,  wc  can  scarcely  conceive  bow  any  deter- 
^Hncd  partition  of  the  octnve  could  be  made  generally  known 
^■343.  Accordin^y,  we  find  tliat  it  was  not  till  after  a  \ovg 
^piule,  and  by  very  rude  and  awkward  steps,  that  the  Greeks 
H  voi^  jr.  2  k 
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perceived  that  the  whole  of  music  was  comprised  in  the  oc- 
tave. The  first  improved  lyre  had  but  four  strings,  and 
was  therefore  called  a  tktrachorb  ;  and  the  first  flutes  had 
but  three  holes,  and  four  notes ;  and  when  more  were  ad* 
ded  to  the  scale,  it  was  done  by  joining  two  lyres  and  two 
flutes  together  Even  this  is  an  instructive  step  in  the  his- 
tory of  musical  science :  For  the  four  sounds  of  the  instru- 
ment have  a  natural  system,  and  the  awkward  and  grqxng 
attempts  to  extend  the  music,  by  joining  two  instruments, 
the  scale  of  the  one  following,  or  being  a  continuation  of 
that  of  the  other,  pointed  out  the  diapason  or  loCofiify  of  the 
octave,  and  the  relation  of  the  whole  to  a  prindpai  sound, 
which  we  now  call  the  Jundamtntal  or  ilrey,  it  bang  the  low- 
est note  of  our  scale,  and  the  one  to  which  the  other  notes 
bear  a  continual  reference.  It  would  far  exceed  the  limits 
of  this  work  to  narrate  the  successive  changes  and  additions 
made  by  the  Greeks  in  their  lyre;  yet  would  this  be  a  veij 
sure  way  of  learning  the  natural  formation  of  our  musical 
scale.  We  must  refer  our  readers  to  Dr.  Wallis's  Appen- 
dix to  his  edition  of  the  Commentary  of  Porphyrius  in 
Ptolemy's  Hannonics,  as  by  far  the  most  perspicuous  a^ 
count  that  is  extant  of  the  Greek  music.  Wc  sliall  pick  out 
from  among  their  diflerent  attempts  such  plain  observatioos 
as  will  be  obvious  to  the  feelings  of  any  person  who  can  sii^ 
a  common  tunc. 

344.  Let  such  a  person  first  sing  over  some  plain  and 
cheerful,  or  at  least  not  mournful,  tune,  several  times,  so  as 
to  retain  a  lasting  impression  of  the  chief  note  of  the  tune^ 
which  is  generally  the  last.  Then  let  him  begin,  on  the  sane 
note,  to  sing  in  succession  the  rising  steps  of  the  scale,  pv> 
nouncing  the  syllables  rfo,  rf,  mi^foj  sol,  la,  «,  do.  He  wiD 
perhaps  observe,  that  this  chaunt  naturally  divides  itself  in- 
to two  parts  or  phrases,  as  the  musicians  term  it.  If  k 
does  not,  of  himself,  make  this  remark,  let  him  sing  it,  ho*- 
ever,  in  that  manner,  pausing  a  little  after  the  note/a.  Tbas, 
do,  rf,  mi, fa ;  sid^la, «,  dc-^Do,  re,  mitfa ;  9ol,  byi^k 


Hiving  done  this  several  times,  and  then  repeated  it  with- 
tiiil  a  pause,  he  will  become  very  sensible  ol'  the  propriety 


of  the 


pause,  and  of  this  DBlural  division  of  tlie  o 


He 


will  even  observe  a  considerable  « mi Urity  between  iltcse  two 
musical  phrases,  without  being  able,  at  lirsl,  to  say  in  "hat 
it  consists.  . 

3W.  Lelliimnowstudyeachpiirase  apart,  and  try  to  eom- 
psre  the  magnitude  of  the  changes  of  sound  ;  or  steps  which 
he  makes  in  rising  from  do  to  re,  from  ri  to  mi,  and  from  mi 
tojii.  We  apprehend  that  he  will  have  no  dilficulty  in  per- 
ceiving;, after  a  few  trials,  that  the  steps  di>  re,  and  re  mi,  are 
Bcngibly  {greater  than  the  step  mi/a.  We  fetl  the  last  step 
ai  a  sort  uf  slide ;  aa  an  attempt  to  make  as  little  change  of 
jHtch  as  we  can.  Once  this  is  perceived,  it  will  never  be  for- 
gotten. This  will  be  still  more  clearly  perceived,  if,  instead 
of  these  syllables,  he  use  only  the  vowel  a,  pronounced  as  in 
ihc  word  hall,  and  if  he  sing  the  steps,  sliding  or  slurring 
from  the  one  to  the  other.  Taking  this  method  he  cannot 
fail  to  notice  the  sniallnesR  of  the  third  step 

3i6.  Let  the  singer  farther  consider,  whether  he  does  not 
feel  this  phrase  musical  or  agreeable,  making  a  sort  of  tune 
or  chaunt,  and  ending  or  closing  agreeably  after  lliis  slide 
of  «  small,  or,  as  it  were,  half  step.  It  is  generally  thought 
so;  and  is  therefore  called  a  ci.osB,  a  casekck,  when  we 
end  with  a  half  Mcp  ascending. 

3+7.  Let  tiie  singer  now  resume  the  whole  scale,  singing 
■he  four  last  notes  sol,  la,  si,  do,  louder  tlian  Llie  other  four, 
uiid  calling  off  his  attention  from  the  low  phrase,  and  fixing 
i(  on  tlic  tipper  one.  Ue  will  now  be  able  to  perceive  thai 
lliis,  hke  the  other,  has  two  considerable  steps  t  namely,  sot, 
la,  and  lu,  tl,  and  then  a  smaller  step,  st,  do,  A  few  repeti- 
tions Hill  make  this  clear,  and  be  will  then  be  sensible  of 
ibe  nature  of  the  similarity  between  these  two  phrases,  and 
,  (he  propriety  of  this  great  division  of  the  scale  into  the  io- 
^HHkIb  do,  fa,  and  iol,  do,  with  an  intervaiyii,  sol,  bclwi 
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This  was  the  foundation  of  the  tetttuAordB,  or  lym  d 
four  strings,  of  the  Greeks.  Th«r  earlirtt  miuifc  or  mo- 
dulation seems  to  hive  extended  no  farther  than  this  phrase. 
It  pleased  them,  as  a  ring  of  four  belb  pleases  many  coun- 
try parishes. 

348.  The-  singer  will  perceive  the  same  satisfacticm  with 
the  close  of  this  second  phrase  as  with  that  of  the  fbrmer: 
and  if  he  now  sing  them  both,  in  immediate  sacoesuoo,  vitk 
a  slight  pause  between,  we  imagine  that  he  will  thmk  tbe 
close  or  cadence  on  the  upper  do  even  more  satisbetorj  thiB 
that  on  the^.  It  seems  to  us  to  complete  a  tune.  And 
this  impression  will  be  greatly  heightened,  if  another  per- 
son, or  an  instrument,  should  sound  the  lower  do^  "whSlt  he 
closes  on  the  upper  do  its  octave.  Do  seems  to  be  expeeted^ 
or  looked  for,  or  sought  after.  We  take  si  as  a  step  to  iOf 
and  there  we  rest. 

.349  Thus  does  the  octave  appear  to  be  naturally  oomp- 
sed  of  seven  steps,  of  which  the  first,  second,  fourth}  fifth, 
and  sixth,  are  more  considerable,  and  the  third  and  seventh 
very  sensibly  smaller.  Having  no  direct  measures  of  their 
quantity,  nor  even  a  very  distinct  notion  of  what  we  men 
by  their  quantity,  magnitude,  or  bulk,  we  cannot  pronounce^ 
"With  any  certainty,  whether  the  greater  steps  are  eqml  or 
unequal ;  and  we  presume  them  to  be  equal.  Nor  havewc 
any  distinct  notion  of  the  proportion  between  the  Iai]gcraDd 
smaller  steps.  In  a  loose  way  we  call  them  half  notea^  or 
suppose  the  rise  from  mi  to^,  or  from  silo  do,  to  be  oo^ 
half  of  that  from  do  to  re,  or  from  re  to  mi. 

350.  Accordingly,  this  seems  to  have  been  all  the  nnanl 
science  attained  by  the  Greek  artists,  or  those  who  did  BoC 
profess  to  speak  philosophically  on  the  subject  And  eta 
after  Pythagoras  published  the  discovery  which  he  had  Bidc^ 
or  more  probably  had  picked  up  among  the  Chaldeam  ff  1 1 
Egyptians,  by  which  it  appeared,  that  accurate  meanireiflf  < 
sounds,  in  respect  to  gravity  and  acuteness,  wereattiinil)^ 
it  was  affirmed  by  Aristoxenus,  a  scholar  of  Aristotk^  in 
other  eminent  philosophers,  that  these  measures  wereilto' 


c 
I 
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getlier  artifioal,  hod  no  connection  nitli  oiugic,  and  that  the 

ear  alone  was  itit;  judge  of  musical  intervals.      The  artist 

had  uo  other  guide  in  tuning  his  instrument :  because  the 

ratios,  which  were  said  to  be  inherent  in  tlie  sounds  (though 

no  person  could  say  ho«),  were  never  perceived  hy  the  car. 

The  justice  of  thia  opinion  is  abundantly  uinfirmed  by  the 

awkward  attempt  of  the  Greeks  to  improve  die  lyre  by  means 

of  these  boasted  ratios.     Instead  of  illustrating  the  subject, 

they  seem  rather  to  have  brought  an  additional  obscurity 

upon  it,  and  threw  it  into  such  confusion,  that  ullhough 

many  voluminous  dissertations  wer«  written  on  it,  and  on 

l^e  comjmsition  of  their  musical  scale,  tlie  account  is  so  per- 

lexed  and  contused,  that  the  first  mathematicians  and  ar- 

s  of  Europe  acknowledged,  that  the  whole  is  an  impeue- 

lable  mystery.    Had  the  philosophers  never  meddled  with 

;  bad  they  allowed  th<;  practical  musicians  to  construct  and 

ine  Uicir  instruments  lu  tlieir  own  way,  so  as  to  please 

r  ear,  it  is  scarcely  possible  that  they  should  not  have 

it  on  what  they  wanted,  without  all  the  embarrassment  of 

0  chromatic  and  enharmonic  scales  of  the  lyre.    It  is  scarcc- 

B  possible  to  contrive  a  more  cumbersome  method  of  ex- 

tding  the  simple  scale  of  Nature  to  every  case  that  could 

rur  in  their  musical  compositions,  than  what  arose  from 

e  employment  of  ihe  musical  ratios.      This  seems  a  bold 

lertion  ;  but  we  apprehend  that  it  will  appear  to  be  just 

B  we  proceed. 

^361.  The  practical  musicians  could  not  be  long  of  finding 
e  want  of  something  more  than  the  mere  diatonic  scale  of 
r  instruments.  As  they  were  always  accompanied  by 
B  voice,  it  would  often  happen  that  a  lyre  or  flute,  perfeci- 
^  tuned,  was  (uo  low  or  too  high  for  the  voice  Uiat  was  to 
mpuiy  it.  A  singer  can  pitch  his  tuue  on  any  sound 
I  m  key ;  and  if  this  be  too  high  for  tlie  singer  who  is  toac- 
Miay  him,  he  can  take  it  on  a  lower  note.  But  a  lyrist 
ntda  this.  Suppose  his  instrument  two  notes  too  low, 
i  that  his  accompanyist  can  only  sing  it  on  the  key  whiih 
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is  the  si  of  the  lyre.  Should  the  lyrist  begin  it  on  that  key, 
his  very  first  step  is  wrong,  being  but  a  half  step,  whereas  it 
should  be  a  whole  one.  In  short,  all  the  steps  but  one  will 
be  found  wrong,  and  the  lyrist  and  singer  will  be  perpetual* 
V  j*fring.  This  is  an  evident  consequence  of  the  inequali- 
ty of  the  fourth  and  seventh  steps  to  the  rest.  And  if  the 
other  step,  which  we  imagine  to  be  equal,  be  not  exactly 
so,  the  disairdance  will  be  still  greater. 

The  method  of  remedying  this  is  very  obvious.  If  the 
mtervals  mi  fa  and  sido^  are  half  notes,  we  need  only  to  in- 
terpose other  sounds  in  the  middle  between  each  of  the  whole 
notes ;  and  then,  in  place  of  seven  unequal  steps,  we  shall 
have  twelve  equal  ones,  or  twelve  intervals,  each  of  than 
equal  to  a  semitone.  The  lyre  thus  constructed  will  now 
suit  any  voice  whatever.  It  will  perfectly  resemble  our  keyed 
instruments,  the  harpsichord,  or  organ,  which  have  twelve 
seemingly  equal  intervals  in  the  octave.  Accordingly,  it  ap- 
pears that  such  additions  were  practised  by  themuflidansof 
Greece,  and  approved  of  by  Aristoxenus,  and  by  all  those 
who  referred  every  thing  to  the  judgment  of  the  ear.  And 
we  are  confident  that  this  method  would  have  been  adopted, 
if  the  philosophers  had  had  less  influence,  and  if  the  Greeks 
had  not  borrowed  their  religious  ceremonies  along  with  their 
musical  science.  Both  of  these  came  from  the  same  quap 
ter ;  they  came  united  ;  and  it  was  sacrilegious  to  attempt 
innovations.  The  doctrine  of  musical  ratios  was  an  oocupi- 
tion  only  for  the  refined,  the  philosophers ;  and  by  subject- 
ing  music  to  this  mysterious  science,  it  became  mysterious  al- 
so, and  so  much  the  more  venerable.  The  philosophers  sav, 
that  there  was  in  Nature  a  certain  inscrutable  connection  be- 
tween mathematical  ratios  and  those  intervals  which  the  eir 
relished  and  required  in  melody ;  but  they  were  ignorantof 
the  nature  and  extent  of  this  connection. 

What  is  this  connection,  or  what  is  meant  when  weqpeik 
of  the  ratios  of  sounds !  Simply  this :— Pythagoras  is  said  to 
have  founds  that  if  two  musical  cords  be  stnuned  fay  equd 
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and  one  of  ihem  be  twice  the  length  of  the  other, 

Crt  one  will  sound  the  octave  to  the  note  ol'the  otiier. 
two-thirdij  of  the  length  of  the  long  string,  it  will 
1  the  fifth  to  il.    If  the  long  string  sound  do,  the  short 
ill  sound  sot.      If  it  be  threv-fourlhs  of  the  Itngth,  it 
iMind  the  ioarlh  or  fa.      Thus  the  ratio  of  Ij  :  1  was 
Hhe  ratio  of  the  biapason;  thatofSi^  waa  called 
UrENTK  ;  and  that  of  4  :  3  the  DiATEagABOK.    More- 
if  we  now  take  all  the  four  stringa,  and  make  that  which 
b  the  gravest  note,  and  is  the  longest,  twelve  inchiM  in 
i;  the  ^hort  or  octuve  string  must  be  ux  inches  long, 
r-half  of  twelve;  tlicdinpente  must  be  eight  inches, or 
lirds  of  twelve ;  and  the  diatessaron  must  be  nine  in- 
^hicb  is  three-fourths  of  twelve.     If  we  now  compare 
ppente,  not  with  the  gravest  string,  but  with  the  octave 
Ssches,  we  see  that  they  are  in  the  ratio  ofi  to  3,  or 
Bo  of  diatessaron.    And  if  we  compare  the  diatesmron 
pe  octave,  we  see  that  theirratio  is  that  of  9  :  6,  or  of 
«r  the  ratio  of  diapente.     Thus  is  the  octave  divided 
fifth  and  s  fourth,  do  ml,  and  tot  do,  in  succestinn. 
Ifce  fourth  do  fa,  and  the  fifth  /ii  i^,  make  op  the  oo-' 
IThenole  whichstandsasafiAh  to  one  of  the  rxtrcm* 
r  of  the  octave,  stands  as  a  fourth  to  the  other.    And, 
the  two  fourths  do  fa,  and  tol  do,  leave  an  inte^^'al, 
eiweco  them;  which  is  also  determined  by  nature, 
'  ratio  corresponding  to  it  is  evidently  that  of  9  to  8. 
This  is  all  that  was  known  of  the  connection  of  mii- 
mathcmatical  ratius.      It  is  indeed  said  by  lambli- 
lal  Pythagoras  did  not  make  diia  discoverj  by  means 
gs,  but  by  the  sounds  made  by  the  hamntcrs  oa  the    , 
a  smitli's  ^^hop.     He  uliscrved  the  sounds  to  be  the 
!  diatessaron,  and  tlie  dia[x.-tiie  of  mu^c ;  and  he 
thai  the  weights  of  the  lioinuien  were  in  this  propor- 
id  as  soon  as  he  went  home,  he  tried  the  ■oiii*^*'*^ 
t,  when  weight&,  in  tJiv  |iroponian> 
appended  to  tbcui.      But  Uic 


S(h2  TSMFEBAUENT  OF 

air  of  a  falile,  and  of  ignorance.  The  sounds  given  by  s 
smith's  anvil  have  little  or  no  dependance  on  the  weight  of 
the  hammers ;  and  the  weights  which  axe  in  the  proportions 
of  the  numbers  mentioned  above  will  by  no  means  produce 
the  sounds  alleged.  It  requires ^bur  times  the  weight  to 
make  a  string  round  the  octave,  and  ittice  and  a  quarter  will 
produce  the  diapente,  and  oicop  and  aeva^fnii$k8  will  produce 
the  diatessaron.  It  is  plain,  therefore,  that  thc^  knew  not 
of  what  they  were  speaking :  yet,  on  this  slight  foundation, 
they  erected  a  vast  fabric  of  speculation ;  and  in  the  course 
of  their  researches,  these  ratios  were  found  to  contain  all  that 
was  excellent.  The  attributes  of  the  Divinity,  the  symme- 
try of  the  universe,  and  the  principles  of  moralily,  were  alt 
resolvable  into  the  harmonic  ratios. 

363.  In  the  attempts  to  explain,  by  means  of  the  myste* 
nous  prc^rties  of  the  ratios  2  :  1,  3  :  2,  4  :  3,  and  9  :  8, 
which  were  thus  defined  by  Nature,  it  was  observed,  that 
their  favourite  lyres  of  four  strings  could  be  oomUned  is 
two  principal  manners,  so  as  to  produce  an  extensive  scale. 
One  lyre  may  contain  the  notes  doy  re,  mt,^  ;  and  the  acuttf 
tyre  may  contain  tlie  notes  «o/,  /a,  5^  do ;  and,  being  set  in 
succession,  having  the  interval /a  sol  between  the  highest 
note  of  the  one  and  the  lowest  of  the  other,  they  makes 
complete  octave.  These  were  called  di^ointd  teirachardt' 
Agiuii,  a  third  tetrachord  may  be  joined  with  the  upper  te- 
trachord  last  mentioned,  in  such  sort,  that  the  lowest  note 
of  the  third  tetrachord  may  be  the  same  with  the  highest  of 
the  second.     These  were  called  conjointd  tetracliords*. 

354;.  By  thus  considering  tlie  scale  as  made  upof  tetis- 
chords,  the  tuning  of  the  lyre  was  reduced  to  great  simpt 

*  Thii  is  tho  prhiciple,  bat  no^  the  precise ,/bfm,  of  the  4ii(ioiiied  and  ooqoic' 
tetracliords.  The  Grreks  did  not  htg\n  the  tetrachord  with  what  wtt  makatke 
fint  note  of  our  cbaunt  of  four  notes,  but  be^an  one  of  th^m  with  mi,  andtkc 
oChcr  with  ti ;  to  which  they  afterwards  added  a  note  below.  This  beKiminf 
seems  to  have  boen  directed  by  some  of  their  favourite  cadences  ;  but  it  wo^ 
bt  tadioni  to  ciplain  iL 
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iiiusic.  The  ratios  of  6  :  5,  and  16  :  15,  follow  of  course; 
and  every  sound  of  the  tetrachords  would  have  been  deter- 
mined. For  5  :  4  being  the  ratio  of  the  major  third,  iriiid) 
is  perfectly  pleasing  to  the  ear,  as  the  nd  to  the  note  A,  and 
3  :  8  being  the  ratio  of  the  fifth  do  8ol^  there  is  another  in- 
terval mi  sol  determmed ;  and  this  ratio,  being  the  di&rence 
between  do  »ol  and  do  mi,  or  betweenS  :  2  and  6  :  4^  is  efi- 
dently  6:5.  In  like  manner,  the  interval  miju  is  deter- 
mined, and  its  ratio,  being  4  :  3—5  :  4,  is  16  :  15. 

But  farther ;  we  shall  find,  upon  trial,  that  if  we  put  in  s 
sound  above  sol,  having  the  relation  5  :  4  to^  it  will  bf 
perfectly  satisfactory  to  the  ear  if  sung  as  the  note  la.  And 
if,  in  like  manner,  we  put  in  a  note  above  /a,  having  the  re- 
lation 5 :  4  to  solf  we  find  it  satisfactory  to  the  ear  when 
used  as  sL  If  we  now  examine  the  raUos  of  these  artifidal 
notes,  we  shall  find  the  ratio  of  the  notes  <o/  &i  to  be  10 :  9| 
and  that  of  la  si  to  be  9  :  8,  the  same  with  thAtJa  $ol;  aba 
si  do  will  appear  to  be  16  :  15,  like  that  otmifa. 

We  have  no  remains  of  the  music  of  the  Greeks,  by  whick 
we  can  learn  what  were  their  favourite  passages  or  musioil 
phrases ;  and  we  cannot  see  what  caused  them  to  prefer  the 
fourth  to  the  major  third.  Few  musicians  of  our  times  think 
the  fourth  in  any  degree  comparable  with  the  major  third 
lor  melodiousness,  and  still  fewer  for  harmomousness^  The 
piece  or  tune  published  by  Kircher  from  Alypius  is  very  sus- 
picious, as  no  other  person  has  seen  the  MS. ;  and  the  col- 
lection found  at  Buda  is  too  much  disfigured,  and  probaUj 
of  too  late  a  date,  to  give  us  any  soUd  help.  In  all  probi> 
bility,  the  common  melodies  of  the  Greeks  abounded  in  easjr 
leaps  up  and  down  on  the  third  and  fifth,  and  on  the  fbuith 
and  sixth,  just  as  we  observe  in  the  airs  for  dancing  amoag 
all  simple  people.  Their  accomplished  performers  bad  ccr* 
tainly  great  powers  both  of  invention  and  execution ;  and 
the  chromatic  and  enharmonic  divisions  of  the  scale  were 
certainly  practised  by  them,  and  not  merely  the  speculatioiis 
of  mathematicians,  To  us,  the  enharmonic  scale  appears  the 
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mo^  jarring  discord ;  but  this  is  certainly  owing  to  our  not 
teeing  any  pieces  of  the  music  so  composed,  and  because  we 
caDnot  in  the  least  judge  by  harmony  what  the  eifc^ct  of  en- 
harmonic melody  would  be.  But  we  have  sufRcient  evidence^ 
from  the  writings  of  the  ancient  Greeks,  that  the  enharmonic 
muuc  fell  into  disuse  even  before  the  time  of  Ptolemy,  and 
was  totally  and  irrecoverably  lost  before  the  5lh  century. 
Even  the  chromatic  was  little  practised,  and  was  chiefly  em- 
ployed for  extending  the  common  scale  to  keys  which  were 
seldom  used.  The  uncertainties  respecting  even  the  com- 
mon scale  remained  the  same  a»ever ;  and  although  Ptole- 
my gives  (among  others)  the  very  same  that  is  now  admit- 
ted as  the  only  perfect  one,  namely,  his  diatonicum  intensum^ 
Us  reaaons  of  preference,  though  good,  are  not  urged  with 
■tiDDg  marks  of  his  confidence  in  them,  nor  do  they  seem  te 
have  prevailed. 

S56.  These  observations  shew  clearly,  that  the  perception 
of  melody  alone  is  not  sufficiently  precise  for  enabling  us  to 
floquire  exact  conceptions  of  the  scale  of  music    The  whole 
of  the  practicable  science  of  the  ancients  seems  to  amount  to 
no  more  than  this,  that  the  octave  contained  five  greater  and 
t#o  ainaller  intervals,  which  the  voice  employed,  and  the 
ear  relished.    The  greater  intervals  seemed  all  of  one  mag- 
mtude ;  and  the  smaller  intervals  appeannl  also  equal,  but 
the  ear  cannot  judge  what  proportion  they  bear  to  the  larger 
imea.     The  musicians  thought  them  larger  than  one-half  of 
the  great  intervals  (and  indeed  the  ratio  16  :  15  of  the  arti* 
ficud  mi  fa  and  si  do,  is  greater  than  the  half  of  9  :  8  or 
10:  9).  Therefore  they  allowed  the  theorists  to  call  them  lim^ 
maw  instead  othemiianes ;  but  they,  as  well  as  the  theorists, 
differed  esceedingly  in  the  magnitudes  which  they  assigned 
them. 

S67:  The  best  way  that  we  can  think  of  for  expressing  the 
iode  of  the  octave  is,  by  dividingthecircumferenoeof  a  cir- 
cle in  the  pmnts  C,  D,£,  F,  6,  A,  and  B,  (Plate  V.  fig.  1.), 
in  the  proportion  we  think  most  suitable  to  the  natur;fl 
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fcalc  of  melody.  According  to  the  prtetkal  Dotian  aw 
under  our  coniiidention,  the  archn  CD,  D£,  FG,  GA«  ud 
AB,  are  equal,  containing  nearly  S9° ;  and  the  archa  £F 
and  BC  arc  also  equal,  but  smaller  than  the  othoi,  on. 
faioiiig  about  33'.  Now,  suppose  another  arde,  on  apicec 
of  card  paper,  divided  in  the  same  manner^  to  noTe  nwDd 
ibeir  common  centre,  but  instead  of  haviiig  its  poiali  of  dm- 
uon  marked  C,  D,  E,  &c.  let  fliem  be  marked  do.  re,  m^ 
mJ,  la,  «i.  It  is  plain,  that  to  whatever -point  of  the  outer 
drcle  we  set  the  point  do  of  the  inner  one,  the  other  paiDU 
of  the  outer  circle  will  shew  the  common  notes  which  are  fit 
for  those  steps  of  the  scale.  The  similarity  of  aU  octara 
makes  this  simple  octave  equivalent  to  a  rectiKinl  soile  tU 
milarly  tlividtd,  anil  repfated  as  often  as  vrepUtK.  (Plate 
V.  fig.  1.)  represents  this  instrument,  and  will  be  often  la- 
ferrL<d  to.  A  sort  of  symmetry  may  be  observed  in  tL  Hk 
point  D  seems  to  occupy  the  middle  of  the  acale,  and  re  ■■m 
to  be  the  middle  note  of  the  octave.  The  oppoaite  arch  6A, 
and  the  corresponding  interval  »o//a,  Be«DS  tobetbemiddlt 
interval  of  the  octave.  The  other  notes  at^  interrak  m 
•unilarly  disposed  on  each  side  of  these.  This  carcumlBBer 
seems  to  liave  been  observed  by  the  Greeks,  by  die  inhiki- 
tants  of  Itidut,  by  the  Chin««e,  and  even  by  th«  MeikaK 
The  note  re,  and  the  interval  aol  ia,  have  gotten  distii^uidi- 
ed  utuations  in  their  instruments  and  scales  of  music 

358.  With  respect  to  the  division  of  the  drcles,  we  diifi  i 
only  observe  at  present,  that  the  dotted  lines  are  c 
able  to  the  principles  of  Aristoxenus,  the  whole  ocUn  k»  I 
ing  portioned  out  into  five  larger  and  equal  interval^  wi  ■ 
two  smalivr,  also  equal.  The  larger  are  called  MMii«r»  f 
di'inn  lonei ;  and  the  smaller  are  called  bmmat  • 
Tile  full  lines,  to  which  the  lettersand  namesareafiidt^  I 
vide  ilie  octaves  into  the  artificial  portiotu,  iHaaadijm 
means  of  the  musical  ratios,  the  arohes  iMBg  a 
pcn-tional  to  the  measures  of  tiiose  ratios^  Tbut  At' 
CD,  FG,  AB.  m  pMportional  to  the  sMomorhglri^  f.'^ 
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or  the  ratio  9:8;  GA  and  DE  are  proportinnal  to  the  Itv 
j^rithm  of  10  :  9;  and  the  arches  EF  and  BC  are  propor- 
tional to  the  logarithm  of  16  :  15.  We  have  already  meti- 
tionctl  tlic  way  in  which  those  ratios  were  applied,  and  the 
authority  on  which  they  were  selected.  We  shall  have  oc- 
rasion  to  return  to  this  again.  The  only  farther  remark 
that  is  to  be  made  with  propriety  in  this  place  is,  that  the 
division  on  the  Arisloscnean  print-iples,  which  is  expressed 
in  this  f]r;ure,  is  une  of  an  indefinite  number  of  the  ssnu 
kind.  The  only  principle  adopted  in  it  is,  that  there  shall 
be  five  mean  tones,  and  two  small  equal  semitones ;  but  the 
magnitude  of  these  is  arbitrarj-.  We  have  chosen  such, 
tliat  two  menn  tones  are  exactly  equal  to  the  arch  CE,  de- 
termined by  the  ratio  5  :  4-.  The  reasons  for  this  preference 
will  appear  as  we  proceed*. 

By  lliis  little  instrument  (the  invention,  we  believe,  of  a 
Mr.  D'Ormissori,  alwut  the  beginning  of  last  centurj),  wc 
■ee  clearly  the  insufficiency  of  the  seven  ilotes  of  the  octave 
for  i>erforralng  music  on  different  keys.  Set  the  flower  de 
luce  at  the  Aristoxcacan  B,  and  wc  shall  see  that  E  is  thfr 
only  note  of  our  lyre  which  will  do  for  one  of  the  steps  of 
the  octave  in  which  we  intend  to  sing  and  accompany.  We 
have  no  sounds  in  the  lyre  for  re,  mi,  sol,  la,  si.  The  rem^ 
dy  is  as  clearly  pointed  out.  Let  a  set  of  strings  be  made, 
having  the  same  relation  to  si  which  those  of  the  present 
lyre  have  to  do,  and  insert  them  in  the  places  pointed  out 
by  the  Aristoxenean  divisions  of  the  moveable  octave.  We 
need  only  five  of  them,  because  the  s(  andyfi  of  the  present 

e  will  answer.     These  new  sounds  are  marked  by  a  -f-. 
it  it  was  soon  found,  that  these  new  notes  gave 

It  indifierent  melody,  and  that  either  the  car  could  not  de- 
ine  the  equality  of  the  tones  and  semitones  exactly 


We  shall  be  obiindaiitly  exact,  if  we  make  CD  —  6p,?2 ;  CE 
fll5",9;    CF=:149'',42;    CG  =  210S68;    CA  =  2()5',3; 
3  =  3a8»,4S.. 
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enough,  or  that  no  such  partitioD  of  the  octave  would  an- 
swer. The  Pythagoreans,  or  partisans  of  the  musical  raU08| 
had  told  them  this  before.  But  they  were  in  no  better  ooo* 
dition  themselves ;  for  they  found,  that  if  a  series  of  soundii 
in  perfect  relation  to  the  octave,  be  inserted  in  the  manner 
proposed,  the  melody  will  be  no  better.  They  put  the  mat- 
ter to  a  very  fair  trial.  It  is  easy  to  see,  that  no  system  of 
mean  tones  and  limmas  will  give  the  same  muaic  on  eveij 
key,  unless  the  tones  be  increased,  and  the  limmas  dimi- 
nished, till  the  limma  becomes  just  half  a  tone.  Then  all 
the  intervals  will  be  perfectly  equal.  The  mathematicians 
computed  the  ratios  which  would  produce  this  equality,  and 
desired  the  Aristoxeneans  to  pronounce  on  the  masic.  It 
is  said,  that  they  allowed  it  to  be  very  bad  in  all  their  most 
favourite  passages.  Nothing  now  remained  to  the  AristoXf* 
eneans  but  to  attempt  occasional  methods  of  tuning.  They 
saw  clearly,  that  they  were  making  the  notes  unequal  which 
Nature  made  equal.  The  Pythagoreans,  in  like  manner, 
pointed  out  many  alterations  or  corrections  of  iotervab 
which  suited  one  tetrachord,  or  one  part  of  the  octave,  but 
did  not  suit  another.  Both  parties  saw  that  they  were  oblig* 
ed  to  deviate  from  what  they  thought  natural  and  perfect; 
therefore  they  called  these  alterations  of  the  natural  or  per- 
fect scale  tnnperament. 

The  accomplished  performers  were  the  best  judges  of  the 
whole  matter,  and  they  derived  very  little  assistance  from 
the  mathematicians  :  For  although  the  rigid  rules  delivered 
by  them  be  acknowledged  to  be  perfectly  exact,  the  execu- 
tion of  those  rules  is  not  susceptible  of  the  same  exactness. 
Their  lyres  are  tuned,  not  by  mathematical  operations,  but 
Hby  the  ear.  It  docs  not  appear  that  they  had  musical  in- 
struments with  divided  finger-boards,  like  our  bass  viols  and 
guitars ;  and  even  on  these,  it  is  well  known  that  the  pres- 
sure and  touch  of  the  finger  may  vary  so  much,  that  the 
most  exact  placing  of  the  frets  will  not  insure  the  nice  de- 
grees of  the  sounds.     The  flutes  are  the  only  instruments 
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a  major  third  ;  and  many  of  them  preferred  the  ktter.  AD 
of  thera  agreed  in  calling  the  pleasure  from  tlie  fifth  a  nout* 
nets^  and  that  from  the  major  third  a  thttrfibuMM^  or  wmarU 
new,  or  by  names  of  similar  import.     The  greater  part  pre* 
&rred  even  the  major  sixth  to  the  fourth,  and  some  felt  no 
pleasure  at  all  from  the  fourth      7^^  had  much  pleasure 
from  the  minor  third  or  minor  sixth.   N.  B-  Care  was  taken 
to  sound  these  concords  without  any  preparation— merely 
as  sounds — but  not  as  making  part  of  any  musical  passage. 
This  circumstance  has  a  great  effect  on  the  mind.     When 
the  minor  third  and  sixth  were  heard  as  making  part  of  the 
minor  mode,  all  were  delighted  with  it,  and  called  it  sweet 
and  mournful.     In  like  manner,  the  chord  |  never  fiuled  to 
give  pleasure.    Nothing  can  be  a  stronger  proof  of  the  ig*- 
norance  of  the  ancients  of  the  pleasures  of  hannooy. 

361.  We  do  not  profess  to  know  when  this  was  diiooveN 
ed.     We  think  it  not  unlikely  that  the  Greeks  and  ItaliUis 
got  it  from  some  of  the  northern  nations  whom  they  called 
Barharianit.    We  cannot  otherwise  account  for  its  prera- 
ience  through  the  whole  of  the  Russian  empire— the  ancieot 
Slavi  had  little  commerce  with  the  empire  of  Rome  or  of 
Constantinople ;  yet  they  sung  in  parts  in  the  most  remote 
periods  of  their  history  of  which  we  have  any  account ;  fnd 
to  this  day,  the  most  uncultivated  boor  in  the  Russian  em- 
pire would  be  ashamed  to  sing  in  unison.     He  listois  a 
little  while  to  a  new  tune,  holding  his  chin  to  his  breast ;  and 
as  soon  as  he  has  got  a  notion  of  it,  he  bursts  out  in  coooerti 
throwing  in  the  harmonic  notes  by  a  certain  rule  wMdi  b( 
feels,  butcannot  explain.  His  harmonics  are  generally  alternate 
major  and  minor  thirds,  and  he  seldom  misses  the  pmpef 
cadences  on  the  fifth  and  sixth  key.  Perhaps  the  inventioDof 
the  organ  produced  the  discovery.    We  know  that  this  was 
as  early  as  the  second  century*.     It  was  hardly  possibk  to 

*  It  ii  said  Uiat  Uie  Chinese  htd  an  instrument  of  thit  kind  long  bdbre  tke 
Earopeans.  Cauieus  says,  that  it  was  brought  from  China  by  a  oativCt  ^ 
was  10  small  as  to  be  carried  in  fbe  band.  It  is  certaia  that  the  EnperorCta- 
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make  much  use  of  that  instrument  without  perceiving  the 
pleasure  of  concordant  sounds. 

S62.  The  discovery  of  the  pleasures  of  harmony  occasion- 
ed a  total  change  in  the  science  of  music.  During  the  dark 
ag^  of  Europe,  it  was  cultivated  chiefly  by  the  monks :  the 
organ  was  soon  introduced  into  the  churches,  and  the  choral 
service  was  their  chief  and  almost  their  only  occupation. 
The  very  construction  of  this  instrument  must  have  contri- 
buted to  the  improvement  of  music,  and  instructed  men  in 
the  nature  of  the  scale.  Tiie  pipes  are  all  tuned  by  their 
lengths ;  and  these  lengths  are  in  the  ratios  of  the  strings 
which  ^ve  the  same  notes,  when  all  are  equally  stretched. 
Thin  must  have  revived  the  study  of  the  musical  ratios. 
The  tuning  of  the  organ  was  performed  by  consonance,  and 
no  longer  depended  on  the  nice  judgment  of  sounds  in  suc- 
oetnoQ.  The  dullest  ear,  even  with  total  ignorance  of  music, 
cm  judge,  without  the  smallest  error,  of  an  exact  octave, 
fifth,  third,  or  other  concord ;  and  a  very  mean  musician 
could  now  tune  an  organ  more  accurately  than  Timotheus 
could  tune  his  lyre.  Otlier  keyed  instruments,  resembling 
our  harp^hord,  were  invented,  and  instruments  with  fretted 
finger  boards.  These  soon  supplanted  tlie  lyres  and  harps, 
being  much  more  compendious,  and  allowing  a  much  greater 
variety  and  rapidity  of  modulation.  All  these  instruments 
were  the  fruits  of  harmony,  in  the  modern  sense  of  that 
word.  The  deficiencies  of  the  old  diatonic  scale  were  now 
miMrc  apparent,  and  the  necessity  of  a  number  of  intercalary 
notes.  The  finger-board  of  an  organ  or  harpsichord,  run- 
ning through  a  series  of  octaves,  and  admitting  much  more 
than  the  acoompaniment  of  one  note,  pointed  out  new  sources 
of  musical  pleasure  arising  from  the  fulness  of  the  harmony; 
wd,  above  all,  tlie  practice  of  choral  singing  suggested  the 


Gopronynos  s«nt  one  to  Pepin  king  of  Franre  in  75T,  and  that  his  son 
got  another  from  the  Emperor  Michael  Paleologut.  But  they  ap- 
pear to  havf  baen  known  in  the  English  churches  before  that  time. 
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possiUlity  of  a  pleasure  altogether  new.    While  a  certain 
number  of  the  choir  performed  the  Cantua  or  Air  of  the 
music,  it  was  irksome  to  the  others  to  utter  mere  sounds, 
suf^rting  or  composing  the  harmony  of  the  Cantos,  with- 
out anj  melody  or  air  in  thdur  own  parts.     It  was  thought 
probable  that  the  harmonic  notes  might  be  so  portioned  out 
among  the  rest  of  the  choir,  that  tlie  suocesnon  of  sounds 
utterM  by  each  individual  might  also  constitute  a  mdody 
not  unpleasant,  and  perhaps  highly  grateful     On  trial  it 
was  found  very  practicable.     Canons,  motets,  fiigues,  and 
other  harmonies,  were  composed,  where  the  airs  performed 
by  tlie  different  parts  were  not  inferior  in  beauty  to  the 
principal.     The  notes  which  could  not  be  thrown  into  this 
agreeable  succession,  were  left  to  the  organist,  and  by  him 
thrown  into  the  bass. 

363.  By  all  these  practices,  the  imperfections  of  the  scale 
of  fixed  sounds  became  every  day  more  sensible,  especialty 
in  full  harmony.     Scientific  munc,  or  the  properties  of 
the  ratios,  now  recovered  the  high  estimation  in  which  they 
were  held  by  the  ancient  theorists;   and  as  the  musici- 
ans were  now  very  frequently  men  of  letters,  chiefly  monks, 
of  sober  characters  and  decent  manners,  music  agun  became 
a  respectable  study.     The  organist  was  generally  a  man  of 
science,  as  well  as  a  performer.  At  the  first  revival  of  learn- 
ing in  Europe,  we  find  music  studied  and  honoured  with 
degrees  in  the  univerntics,  and  very  soon  we  have  learned 
and  excellent  dissertations  on  the  principles  of  the  sdenoe. 
The  inventions  of  Guido,  and  the  dissertations  of  Salinas, 
Zarlino,  and  Xoni,  are  among  the  most  valuable  puWca-  - 
tions  that  are  extant  on  music.     The  improvements  intro-  - 
duoed  by  Guido  are  founded  on  a  very  refined  examination  ^ 
of  the  scale;  and  the  temperaments  proposed  by  the 
two  have  scarcely  been  improved  by  any  labours  of 
date.     Both  these  authors  had  studied  the  Greek 
with  great  care,  and  their  improvements  proceed  on  a  com— ^ 
plete  knowledge  of  the  doctrines  (tf  Pythagoras  and  Ptokmy^ 
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364.  At  lost  the  celebrated  Gnliloo  Galilei  put  the  finish- 
ing hand  to  the  doctrines  of  those  ancient  philosophers,))}'  the 
di8cx>very  of  the  connection  which  subsists  in  nature  between 
the  raUos  of  numbers  and  the  musical  intervals  of  sounds. 
He  diacoveredy  that  these  numbers  express  the  frc([uency  of 
the  recurring  pulses  or  undulations  of  air  which  excite  in  us 
the  sensation  of  sound.  He  demonstrated  that  if  two  strings, 
of  the  same  matter  and  thickness,  be  stretched  by  equal 
weights,  and  be  twanged  or  pinched  so  as  to  vibrate,  tiie 
dmes  of  their  vibrations  will  be  as  their  lengths,  and  the  fre- 
quency or  number  of  oscillations  made  in  a  given  time  will  be 
inTerady  as  their  lengths.  The  frequency  of  the  sonorous  un- 
dulatioDS  of  the  idr  is  therefore  inversely  as  the  length  of  the 
•tring.  When  therefore  we  say  that  2  :  1  is  the  ratio  of  the 
cicCaTe,  we  mean,  that  the  undulations  which  produce  the 
vpper  sound  of  this  interval  arc  twice  as  frequent  as  those 
which  produce  its  fundamental  sound.  And  the  ratio  3  :  S 
of  the  diapente  or  fifth,  indicates  that  in  the  same  time  that 
the  ear  recaves  three  undulations  from  the  upper  sound,  it 
TCcaves  only  two  from  the  lower.  Here  we  have  a  natural 
connection,  not  peculiar  to  the  sounds  produced  by  strings ; 
tar  we  are  now  able  to  demonstrate,  that  the  sounds  produc- 
ed by  bells  are  regulated  by  the  same  law.  Nay,  the  im- 
provements which  have  been  made  in  the  science  of  motion 
sinoe  the  days  of  Galileo,  shew  us  that  the  undulations  of 
the  air  in  |npes,  where  the  air  is  the  anb/  substance  moved, 
is  regulated  by  the  same  law.  It  seems  to  be  the  general 
IMoperty  of  sounds  which  renders  them  susceptible  of  musi- 
cal pitch,  of  acuteness,  or  gravity ;  and  that  a  certain  fre- 
quency of  the  sonorous  undulations  gives  a  determined  and 
unnltomble  musical  note.  The  writer  of  this  article  has 
'verified  this  by  many  experiments.  He  finds,  that  ani/  noise 
wkaUoer,  if  repeated  240  times  in  a  second,  at  equal  inter- 
vals, produces  the  note  C  sol  fa  ut  of  the  Guidonian  gamut. 
If  it  be  repeated  360  times,  it  produces  the  G  sol  re  ul^  &c. 
It  was  imagined,  that  only  certain  regular  agitations  of  the 
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air,  such  as  are  produced  by  the  tremor  or  vibration  of  das- 
tic  bodies,  are  fitted  for  exciting  in  us  the  sensation  of  a  mus- 
cal  note.     But  he  found,  by  the  most  distinct  experimeots^ 
that  any  noise  whatever  will  have  the  same  effect,  if  repeated 
with  due  frequency,  not  less  than  30  or  40  times  in  a  second. 
Nothing  surely  can  have  less  pretension  to  the  name  of  a 
musical  sound  than  the  solitary  sni^p  which  a  quill  makes 
when  drawn  from  one  tooth  of  a  comb  to  another :  but  wha 
the  quill  is  held  to  the  teeth  of  a  wheel,  whirling  at  sudi  a 
rate,  that  720  teeth  pass  under  it  in  a  second,  the  sound  of 
g  in  alt.  is  heard  most  distinctly  ;   and  if  the  rate  of  the 
wheePs  motion  be  varied  in  any  proportion,  the  noise  made 
by  the  quill  is  mixed  in  the  most  distinct  manner  with  the 
musical  note  corresponding  to  tlic  frequency  of  the  soaps. 
The  kind  of  the  original  noise  determines  the  kind  xA  the 
continuous. sound  produced  by  it,  making  it  harsh  and  fret- 
ful, or  smooth  and  mellow,  according  as  the  original  noise  is 
abrupt  or  gradual :  but  even  the  most  abrupt  ncnse  produc- 
es a  tolerably  smooth  sound  when  sufficiently  frequent.  No- 
thing can  be  more  abrupt  than  the  snap  just  now  mentioned; 
yet  the  g  produced  by  it  has  the  smoothness  of  a  Inrd's  chir- 
rup.    An  experiment  was  made,  which  was  less  promioDg 
of  a  sound  than  any  that  can  be  thc^ught  of.     A  stop-cock 
was  so  constructed,  that  it  opened  and  shut  the  passage 
through  a  pipe  720  times  in  a  second.     This  apparatus  was 
fitted  to  the  pipe  of  a  conduit  leading  from  the  bellows  to 
the  wind-chest  of  an  organ.     The  bat  was  simply  allowed  to 
pass  gently  along  this  pipe  by  the  opening  of  the  cock. 
When  this  was  repeated  720  times  in  a  second,  the  sound  ; 
in  alt,  was  most  smoothly  uttered,  equal  in  sweetness  to  a 
clear  female  voice.     When  the  frequency  was  reduced  to 
360,  the  soun4  was  that  of  a  clear  but  rather  harsh  man^s 
voice.     The  cock  was  now  altered  in  such  a  manner,  that 
it  never  shut  the  hole  entirely,  but  left  about  one  third  «f 
it  open.     When  this  was  repeated  720  times  in  a  second, 
the  sound  was  uncommonly  smooth  and  sweet    When  ^^ 
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AneA  to  360,  die  sound  was  more  mellov  than  any  maxi'i 
iroice  U  the  same  ptch.  Various  changes  were  made  in  the 
fom  of  Uie  code,  with  the  intention  of  rendering  tlie  priml- 
tire  noise  more  analogous  to  that  produced  by  a  vibrating 
string.  Sounds  were  produced  which  were  pleasant  in  the 
extmnc.  The  intelligent  reader  will  see  here  an  opening 
nude  to  great  additions  to  practical  uiustc,  and  the  means 
of  produdng  muucal  sounds,  of  which  we  have  at  present 
scarcely  any  conception  ;  and  this  manner  of  producing 
them  is  altended  with  the  peculiar  advantage,  that  an  instru- 
nent  so  constructed  can  never  go  out  of  tune  in  the  smallest 
■degree.     But  of  this  enough  at  present. 

365.  This  discovery  of  Galileo's  completed  the  Pylliago* 
theories,  by  supplying  the  only  thing  wanted  for  pn>- 
enring  confidence  in  them.  We  now  see  that  the  music  of 
aoaoda  depends  on  principles  as  certain  and  as  plain  as  the 
dements  of  Euclid,  and  that  c\-ery  thing  relating  to  the  scale 
of  musk  is  attainable  by  mathematics.  It  is  very  true  that 
we  do  DcM  perceive  the  ratio  3  :  2  in  the  diapentc,  as  having 
Knj  relation  to  the  numbers  3  and  9.  But  we  prrceive  the 
•WMtness  of  sound  which  charactenses  this  concord.  T)>is 
ia  undoubtedly  the  perceptioa  of  a  certain  physical  fact  in- 
volving this  ratio,  as  much  as  the  sweetness  on  our  tongue 
is  the  pcirepUon  of  a  certain  manner  of  acting  on  the  patti- 
dcs  of  sugar  during  their  dissolution  in  the  saliva. 

Tbe  pleasure  arising  frum  certain  consonances,  sui^  as  lb 
ml,  is  Dot  more  distinctly  perceived  than  is  the  dia^reeaUe 
fading  which  other  consonances  produce,  such  as  do  rr .-  and 
it  ms  a  fair  Geld  of  disquisition  is  discover  wby  the  one  pleas- 
ed and  the  other  displeased.  We  cannot  sty  tnitthit  ques- 
tion has  iieni  cumfdetely  decided.  It  has  been  ascribed  to 
of  Tibratioos.  In  the  octave,  every  second 
of  the  treble  note  may  be  made  to  coincide  nith 
of  tile  bass.  But  the  pleasure  arising  firmu 
does  by  no  means  foUow  the  pm- 
oC  ibose  coincidcnres  of  vibralwai ;  for  vben  twn 
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notes  ore  infinitely  near  to  the  state  which  would  produce  a 
complete  coincidence,  the  actual  ooinddenoe  is  then  exceed* 
ingly  rare ;  and  yet  we  know  that  such  sounds  yield  very 
fine  harmony.     In  tuning  any  concord,  when  Ike  two  notes 
are  very  discordant,  tlie  coindding  Tibrations  recur  very  fie* 
quently ;  and  as  we  i^proach  nearer  and  nearer  to  perfect 
concord,  tlicse  coincidences  become  rarer  and  rarer;  and  if 
it  be  infinitely  near  to  perfect  concord,  the  ootnddenoee  of 
vibration  will  be  infinitely  distant  from  each  other.     TUs, 
and  many  otiicr  irrefragaUe  arguments,  demonstrate  thai 
coalescence  of  sound,  which  makes  the  pleasing  harmony  of 
a  fifth,  for  example,  does  not  arise  frcmi  the  coincidence  of 
vibrations ;  and  the  only  tiling  which  we  can  demoastrate  to 
obtain  in  all  the  cases  where  we  enjoy  this  pleasure,  isaoer- 
tain  arrangement  of  the  component  pulses,  and  a  certain  law 
of  succession  of  the  dislocations  or  intervals  between  the 
non-coindding  pulses.    We  are  perfectly  able  to  demon* 
strate  that  when,  by  continually  screwing  up  one  of  the 
notes  of  a  con»)nanoe,  we  render  the  real  ccnncideDce  rf  pul- 
ses less  frequent ;  the  dislocations,  or  deviations  fram  per- 
fect coincidence,  approach  nearer  and  nearer  to  a  certain  d^ 
fineable  law  of  succesnon ;  and  tliat  this  law  obtains  com- 
pletely, when  the  perfect  ratio  of  the  duration  of  the  pulse 
is  attained,  although  perhaps  at  that  time  not  one  pulse  of 
the  one  sound  coincides  with  a  pulse  of  the  other.    Suppose 
two  organ  pipes,  sounding  the  note  C  iUfa  irl,  at  the  dis* 
tance  of  teu  feet  from  each  other,  and  that  thdr  pulses  b^ 
^n  and  end  at  the  same  instant,  making  the  moat  perfect 
coincidence  of  pulses— there  is  no  doubt  but  that  there  will 
be  the  most  perfect  harmony :  and  we  learn  by  experience 
that  this  harmony  is  perfectly  the  same,  from  whatever  part 
of  the  room  we  hear  it.     This  is  an  unquestionable  fact    A 
person  situated  exactly  in  the  middle  between  them  will  re- 
ceive coincident  pulses.     But  let  him  approach  one  foot 
nearer  to  one  of  the  pipes,  it  is  now  demonstrable  that  the 
pulses,  at  their  arrival  at  his  ear,  will  be  the  most  distant 
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ice  that  is  possible;  for  every  pulse  of  one 
le  will  bisect  the  pulse  from  the  other :  but  the  law  of 
cession  of  the  deviations  from  coincidence  will  then  ob' 
I  in  llie  most  perfect  manner.  A  musical  sound  is  the 
■alion  of  a  certain  form  of  the  aerial  undulation  which 
tttes  the  auditory  organ.  The  perception  of  harmonious 
ad  is  the  sensation  produced  by  another  definite  form  of 
agitation.  This  is  the  composition  of  two  other  agita- 
le ;  but  it  is  the  compound  agitAtion  only  tli&t  afiecis  the 
,  Mid  it  is  its  form  or  kind  which  determines  the  sensa- 
l,  making  it  pleasant  or  unpleasant. 

».  Our  knowledge  of  mechanics  enables  us  to  describe 
fomi,  and  every  circumstance  in  which  one  agitation  can 
r  from  another,  and  to  discover  general  features  or  ar- 
iccs  of  resemblance,  which,  in  fact,  accompany  allper- 
I  of  harmony.  We  ore  surely  entitled  to  say  that 
circumstances  are  sure  tests  of  harmony ;  and  that  when 
ive  insured  their  presence,  wc  have  insured  the  liear- 
of  hannony  in  the  adjusted  sounds.  We  can  even  go 
in  some  cases :  We  can  exptaia  some  appearances 
Huicli  accompany  imperfect  harmony,  and  perceive  the  con- 
nection between  certain  distinct  results  of  imperfect  coinci- 
dences, and  the  magnitude  of  the  deviations  from  perferr 
iiannony  which  are  then  heard.  Thus,  we  can  make  use  ol 
tiiese  phenomena,  in  order  to  ascertain  and  measure  tho&e 
deviations ;  and  if  any  rules  of  temperament  should  requirt? 
a  certain  determinate  deviation  from  perfect  haimony  in  the 
tuning  of  an  instrument,  we  can  secure  the  appearance  of 
that  pbeuomenou  which  corresponds  to  the  deviation,  and 
tlius  can  produce  the  precise  temperament  suggested  by  our 
rulF*.  We  can,  ior  example,  destroy  the  perfect  harmony 
of  the  fifth  C  g,  aud  flatten  tlie  note  g  till  it  deviates  from  a 
perfect  fifth  in  the  exact  ratio  of  320  to  331,  which  the  mu- 
ncians  call  the  one-fourtli  of  a  comma.  The  most  exquisite 
melody  is  ahno&t  insensible  of  a  deviation  four  tiiiie/^ 
than  this ;  and  yet  a  {xrson  who  has  no  musical  eaf 
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at  all,  can  execute  this  temperament  by  the  rules  of  h 
without  the  error  of  the  fortieth  part  of  a  comnia. 

367.  For  this  most  val  uabie  piece  of  knowledge  we  ore  w- 
dcbtcd  to  the  late  Dr.  Kobert  Smith  of  Cambridge,  a  *cry 
eminent  geometer  and  philowpher,  aitd  a  good  judge  of  mu- 
sic, and  very  pleoBing  pertbrmcr  on  the  organ  and  barpy- 
chord.  This  gentleman,  in  his  DtssertatioD  on  ihe  Prioa- 
ples  of  Harmonics,  published  for  the  first  time  iD  (749,  Im 
paid  particular  attention  to  a  pben^nnenon  in  co-ezitlaBt 
sounds,  called  a  beating.  Thii  is  an  alternate  enforeaDenl 
and  diminutiun  of  the  strength  ofsound,  something  like  wlnt 
is  called  a  close  shake,  but  difiering  from  it  in  havitig ww- 
riation  in  the  pitch  of  the  sounds.  It  is  a  sort  of  undulaiign 
of  the  sound,  in  which  it  becomes  alternately  louilw  awl 
fainter.  It  may  be  often  perceived  in  the  miuikI  of  belU  toA 
musical  glasses,  and  also  in  the  sounds  of  particular  stringi. 
It  is  produced  in  this  \™y  :  Suppose  two  unisonsquile  per- 
fect ;  the  vibrations  of  each  are  either  perfeglly  co-iiiciil«il, 
or  each  pulse  of  one  sound  is  interposed  in  the  same  «!<» 
lion  between  each  pulse  of  the  otiter.  In  either  caiw  ihej 
succeed  each  other  with  such  rapidity,  that  we  cannot  p* 
teive  them,  and  the  whole  appears  an  uniform  sound.  Bui 
suppose  that  one  of  the  soundr.  has  240  pulses  in  a  secaei, 
which  is  the  undulalion  that  is  produced  in  a  pipe  of  24  in- 
ches long;  suppose  that  the  other  pipe  is  only  23  inchesiol 
iVllis  long-  It  will  give  243  pulses  in  a  second,  Thertfin 
the  1st,  the  80th,  the  160tb,aiid  the240lh  pulseoflheliiS 
pipe  will  coincide  with  the  1st,  the  8Ut,  the  16*1,  and  lU 
siisd  puifie  of  the  other.  In  the  instants  of  coincidoBO. 
the  agiution  produced  by  qne  pulse  is  increased  by  that  pro- 
duced by  the  olher.  The  commencement  of  the  next  iw 
pulses  is  separated  alitde,  and  that  of  the  next  is  separaud 
still  more,  and  so  on  continually  :  the  dulocatian*  of  the  put 
■viations  from  perfect  coincidence,  continiu 


which  will 


;ir  deviations  from  perfect  co; 
:,  Ull  we  conic  to  the  +Oth  pulse  of  tlie  one  pipt. 
commence  in  the  middle  of  llie  4Ist  pulse  of  j4 
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[her  pipe  ;  and  llie  pulses  will  now  bisect  each  other,  an 
Ut  the  agitationgof  theonc  will  counlcrHct  ur  WL'aken  thoie 
i  tile  other.     Tlius  the  compounded  sound  will  be  strong- 
t  U  the  ccHRcidences  of  the  pulses,  and  fainter  when  they 
xt  each  other.     This  reinforcement  uf  Bound  will  tlirre- 
G  recur  thrice  in  every  second.      The  frequency  of  tin; 
blses  are  in  the  ratio  of  a  comma,  or  81  :  80.     Therefore 
3  constitnles  an  imison  imptrfect  by  a  comma.    If  therefore 
y  circumstance  should  require  that  these  two  pulses  should 
unison  imperfect  by  a  comma,  we  have  only  toalter 
e  of  the  pipes,  till  the  two,  when  soanded  together,  heat 
thrice  in  a  second.    Nothing  can  be  plainer  than  this.    Now 
let  US  suppose  a  third  pipe  tuned  an  exact  fifth  to  the  Ijrst 
of  these  two.  There  will  be  no  beatingobservable;  because 
e  recurrence  of  coincident  puUes  is  so  rapid  as  to  appear 
■ntinued  sound.     They  recur  at  every  second  vibration 
t  the  bass,  or  ISO  times  in  a  second.     But  now,  instead  of 
Minding  the  third  pipe  along  with  the  first,  let  it  sound 
;  with  the  secoitd.     Dr.  Smith  demonstrates,  tliut  they 
1  beat  in  the  same  manner  as  the  unisons  did,  hut  thrice 
o^en,  or  nine  times  in  a  second.       When  therefore  the 
Rh  C^  beats  nine  limes  in  a  second,  we  know  that  it  is  too 
3r  too  Hilt  (very  nearly)  by  a  comma. 
.  Ur.  Smith  shews,  in  like  manner,  what  number  ol 
PAta  arc  made  in  any  given  time  by  anycM>Dcord,  imperfect 
frtrmpcred,  in  any  assigni'd  degree.      We  humbly  think 
■at  the  most  inattentive  person  must  be  sensible  of  the  very 
>at  value  of  this  discovery.     We  are  obliged  to  call  it  hh 
Itxcovery.      AlLTseunus,  indeed,  had  taken  particular  notioL- 
of  this  undulalien  of  imperfect  consonances,  and  had  offer- 
ed conjectures  as  to  their  cause  ;  cmijcctures  not  unworthy 
if  hb  great  ingenuity.     Mr.  Sauvciir  also  takes  a  still  more 
uiar  notice  of  this  phenomeuoj)  *,  and  makes  a  nio^t  in- 
t  use  of  it  fur  the  solution  of  a  very  intporiant  mUM- 

M«n.  AcBii.  P*r.  I'Ol.  ITO!.  1:07.  and  I'i:'.  .«^^| 
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cal  problem  ;  namely,  to  determine  the  pemm  minbcr  «f 
pulses  which  produce  any  given  note  of  die  gnsuL  Bi 
method  is  indeed  opevose  and  ddcale»  even  ea  simplified  od 
impraved  by  Dr.  Smith.  The  fidlowin^  naj  be  twbsritwtd 
for  it,  founded  on  the  mechanism  of  aounding  cliotd&  Ltt 
a  yiorm,  guitar,  or  any  such  instnimenty  be  fiarad  upi^gSHt 
a  wall,  with  the  finger>board  downward^  andmsiidia  lim- 
ner, that  a  yjoiin  string  stndned  by  a  wagbtt  may  jnmm 
the  bridge,  but  hang  free  of  the  lower  end  of  the  fiq» 
board.  Let  another  string  be  siniiiied  by  one  of  the  tmnf 
|ttns  till  it  be  in  unison  with  some  note  (suppose  C)  of  iki 
harpdchord.  Then  hang  wdghts  on  the  other  stin^  4 
upon  drawing  the  bow  across  both  atriqgi^  ataanall  dis- 
tance below  the  bridge,  they  are  perfect  nnisoasj  widamt 
the  smallest  beating  or  undulation,  and  taking  care  thsl  the 
pressure  of  the  bow  on  that  string  irfiichia  tuned  by  Ae  pa 
be  so  moderate  as  not  to  aflfect  its  twiwon  aensiUy.  Mste 
exactly  the  w«ght  that  is  now  appended  to  it.  Nowk 
this  weight  in  the  proportion  of  the  square  of  80  to  the 
of  81 ;  that  is«  add  to  it  its  40th  part  very  nearly.  Nov 
draw  the  bow  again  across  the  strings  with  the  same  aau 
as  before.  The  sounds  will  now  best  rema^ably;  forde 
vibrations  of  the  loaded  string  are  now  aooelen^ed  in  At 
proportion  of  80  to  SI.  Count  the  number  of  undnhliwii 
made  in  some  small  niunber  (suf^xxe  10)  of  seoondfc  Urn 
will  give  the  number  of  beats  in  a  second ;  80  times  tUi 
number  are  the  single  pulses  of  the  lowest  sound ;  and  61 
times  the  same  number  gives  the  pulses  of  the  highot  of 
these  imperfect  unisons^ 

If  this  experiment  be  tried  for  the  C  in  the  middle  of  oor 
harpsichords,  it  will  be  found  to  contain  240  pukes  mj 
nearly :  for  the  strings  will  beat  thrice  in  a  second.  The 
beats  are  best  counted  by  means  of  a  little  ball  hupgtsa 
thready  and  made  to  keep  time  with  the  beats. 

369.  IIort\  then.  i$  a  phenomenon  of  the  most  easjr  oi^ 
<or\  ation^  and  rc-^i firing  no  skill  in  music  fay  which  the  pitch 
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>£  any  Bound,  and  the  imperfection  of  any  concord,  may  be 
liaomred  with  the  utmost  precision ;  and  by  this  method 
naj  OMMxmiant  sounds  be  produced,  which  are  absolutely 
serfect  in  ih&r  harmony,  or  having  any  degree  of  impcrieo- 
ioa  or  temperament  that  we  please.      An  instrument  may 
gmenlly  be  tuned  to  perfect  harmony,  in  some  of  its  notes, 
inthottt  any  difficulty,  as  we  see  done  by  every  blind  Crou- 
ler.      But  if  a  certain  determinate  degree  of  imperfection, 
fiffiBvent  perhaps  in  the  different  concords,  be  necessary  for 
the' proper  performance  of  musical  compositions  on  instru- 
Baits  of  fixed  sounds,  such  as  tliosc  of  the  organ  or  harpsi- 
elmid  kind,  we  do  not  see  how  it  can  be  disputed  tliat  Dn 
SoHth^s  theory  of  the  beating  of  imperfect  consonances  is 
of  the  most  important  discoveries,  both  for  the  practice 
the  Maence  of  music,  that  have  been  offered  to  the  pub- 
ic    We  are  inclined  to  consider  it  as  the  most  important 
dMt  lias  faera  made  since  the  days  of  Galileo.     The  only  li- 
^dsate  Dr.  Brook  Taylor's  mechanical  demonstration  of 
As  Tihratkms  of  an  elastic  cord,  and  its  companion,  and  oi* 
As  undulations  of  the  air  in  an  organ  pipe,  and  the  beauti- 
fol  investigations  of  Daniel  Bernoulli  of  the  harmonic  sounds 
which  frequently  accompany  the  fundamental  note.     The 
iiisical  theory  of  Rameau  we  consider  as  a  mere  whim,  not 
ftqnded  in  any  natural  law ;  and  the  theory  of  the  grave 
by  Tartini  or  Romicu  is  included  in  Dr.  Smith'^s 
of  the  beating  of  imperfect  consonances.   This  theory 
us  to  execute  any  harmonic  system  of  temperament 
Itth  pracisioD,  and  certainty,  and  ease,  and  to  decide  on  its 
Hflrit  when  done. 

IWe  are  therefore  surprised  to  see  this  work  of  Dr.  Smith 
grasitly  undervalued,  by  a  most  ingenious  gentleman  in  tlic 
^lulosopluoal  Transactions  for  1800,  and  called  a  large  and 
dnciaie  volume,  whidi  leaves  the  matter  just  as  it  was,  and 
bs  results  useless  and  impracticable.  We  are  sorry  to  see 
lun  ;  because  we  have  great  expectations  from  the  future  la^ 
ionn  of  this  gentleman  in  the  field  of  harmonics,  and  his 
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late  work  is  rich  in  refined  and  valuable  matter*     We  pie- 
sume  humbly  to  recommend  to  him  attentmi  to  his  own  ad- 
monitions to  a  very  young  and  ingenious  gentleinan,  who^ 
he  thinks,  proceeded  too  far  in  animadverdng  on  the  wri- 
tings of  Newton,  Barrow,  and  other  eminent  mathemalicMfit, 
We  also  beg  his  leave  to  observe,  that  Dr.  Smithes  appEci- 
tion  of  his  theory  may  be  very  erroneous  (we  do  not  uj  dat 
it  is  perfect),  in  consequence  of  his  notion  of  the  propor- 
tional eifects  produced  on  the  general  hannony  by  equal  ten- 
peraments  of  the  different  concords.     But  the  theory  ii  on- 
touched  by  this  impro{)er  use,  and  stands  as  firmly  as  any 
proposition  in  £uclid'*s  Elements.     We  are  bound  to  add  to 
these  remarks,  that  we  have  oftener  than  once  heard  music 
performed  on  the  harpsichord  described  in  the  seoood  ecfi- 
tion  of  Dr.  Smithes  Harmonics,  both  before  it  was  sent  home 
by  the  maker  (the  first  in  his  profession)  and  afterwards  bf 
the  author  himself,  who  was  a  very  pleasing  performer,  nl 
we  thought  its  harmony  the  finest  we  ever  heard.  Mr.  Wil^ 
the  celebrated  engineer,  and  not  less  eminent  philosopher, 
built  a  handsome  organ  tor  a  public  society,  and,  without 
the  least  ear  or  relish  for  music,  tuned  three  octaves  of  the 
open  diapason  by  one  of  Dr.  Smithes  tables  of  beats,  with 
the  help  of  a  variable  pendulum.     Signior  Doria,  leader  of 
the  Edinburgh  concert,  tried  it  in  presence  of  the  writer  of 
this  article,  and  said,  **  Bellissima — sopra  modo  beHisusr 
Signior  Doria  attempted  to  sing  along  with  it,  but  would 
not  continue,  declaring  it  impossible,  because  the  oigSB  wm 
ill-tuned.     The  truth  was,  that,  on  the  major  key  of  E^ 
the  tuning  was  exceedingly  difierent  from  what  she  was  so- 
customed  to,  and  she  would  not  try  another  key.   Wemeo- 
tion  this  particular,  to  shew  how  accurately  Mr.  Watt  hi 
been  able  to  execute  the  temperament  he  intended. 

370.  This  theory  is  valuable,  therefore,  by  giving  us  the 
management  of  a  phenomenon  intimately  connected  will 
harmony,  and  affording  us  precise  and  practicable  metsow 
of  all  deviations  from  it.      It  bids  fair,  for  this  reason,  to 
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method  of  executing  any  system  of  temperament 
may  find  reason  to  prd'er.  But  we  have  another 
estimation  of  this  tlieory.  By  its  assistance,  we 
>  ascertain  with  certainty  and  precision  the  true 
id  Ecale  of  music,  which  eluded  all  the  attempts 
inious  Greeks ;  and  we  determine  it  in  s  way  suit- 
bvourite  music  of  modern  times,  of  which  almost 
lellcncies  and  pleasures  are  derived  from  harmony. 
t  say  that  this  total  innovation  in  tlie  ptinciple  of 
easure  is  unexceptionable ;  we  rather  think  it  very 
believing  that  the  thrilling  pleasures  of  music  de- 
!  upon  the  melody  or  air.  We  appeal  even  to  in- 
msicians,  whether  tlic  heart  and  atfections  are  not 
ted  (and  with  much  more  distinct  varittj/ of  emotion  J 
iclody,  supported,  but  not  observed,  by  harmonics 
y  chosen.''  It  appears  to  us  thai  the  etfect  of  bar- 
rays  filled  up,  is  more  uniformly  the  same,  and  less 
to  the  6oul,  than  some  simple  air  sung  or  played 
)Tmer  of  sensibility  and  powers  of  utterance.  We 
mder,  then,  that  the  ingenious  Greeks  deduced  all 
I  from  this  department  of  music,  nor  at  their  being 
I  with  the  pleasures  which  it  yielded,  that  they  were 
ous  of  the  additional  support  of  harmony.  We 
lelody  has  suffered  by  the  change  in  every  country. 
n  Scotchman,  Irishman,  Pole,  or  Russian,  who  docs 
It  that  the  skill  in  composing  heart- touching  airs  is 
ed  in  his  respective  nation  ;  and  all  admire  the  pro- 
of their  muse  of  "  the  days  that  are  past."  Tlicy 
isant  «nd  mournful  lo  the  soul." 
f  still  prefer  the  harmonical  method  of  forming  the 
■ccount  of  its  precision  and  facility  :  and  we  prefer 
f  of  beats,  because  H  o/so  gives  us  the  most  saliajacio- 
af  melody ;  and  this,  not  by  repeated  corrections 
tectioas,  but  by  a  direct  process.  By  a  tabic  o^ 
ery  note  may  be  fixed  at  once,  and  we  have  no 
lo  feturo  to  it  and  try  new  combinations ;  for  die 
il'  tUe  diffureut  concords  to  one  bass  being  once  dc- 
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tennuied,  eTerj  beaiing  of  aaj  cae  aole  with  nj  otiicr  ii 
also  fixed. 

371.  We  therefore  request  the  mdtf^s 
to  the  expeTiment  which  we  hire  nam  tvprapoee.    TUi 
periiiieDt  is  best  made  with  two  crgtm  p^ei  tqfmUj 
and  ptched  to  the  note  C  in  the  cuddle  of  oar  hagpadjaA 
Let  one  of  them  at  least  be  a  stopped  pqw,  its  piUon  haag 
made  eztranel  v  aocunte,  and  at  the  nose  tine  casilj  ■or- 
cd  along  the  pipe.    Let  the  shank  of  it  be  dmded  inio  SM 
equal  parts.    The  adrantage  of  this  fiam  of  thecxpuital 
is,  that  the  sounds  can  be  continued,  with  perfect  inafixon- 
tj,  for  any  length  of  time,  if  the  beUows  be  pwjpalj  ooa- 
structed.    In  de&ult  of  this  apparatus  the  cipgMienfMty 
be  made  with  two  harpsichord  wires  in  perfect  Oflisan,  and 
touched  br  a  wheel  nibbed  with  rasui  instead  of  abow,  m 
the  wav  the  sounds  of  the  Tidle  or  biudjgonlj  an  prodae- 
cd.    This  oontrivanoe  also  will  eontiniBe  the  wunds  na- 
fiDrmly  at  pleasure.    A  scale  of  240  paita  mnit  be  mkfki 
to  one  string,  and  numbered  from  that  end  of  the  stri^ 
where  the  wheel  or  bow  is  appfied  to  iL     Great  cvemot 
be  taken  thai  the  shifting  of  the  moreaUe  bridge  do  not  ahtt 
the  strain  on  the  wire.     Wemaj  cren  do  pretty  weDvitlia 
bow  in  place  of  the  wheel ;  but  the  sound  cannot  be  keg 
held  on  in  any  jntch.     In  descriinng  the  phenonma,  «e 
shall  rather  abide  by  the  string,  because  the  numben  of  the 
scale,  or  length  of  the  sounding  pail  of  the  wire^  eiii» 
pond,  in  fact,  much  more  exactly  with  the  sounds.    Ike 
dexiatioDs  of  the  scale  of  the  ppe  do  not  in  the  least  Ad 
the  conclusions  we  mean  to  draw,  but  would  require  to  be 
U3entionfl[?d  in  every  instance^  which  would  greatly  cooipBate 
the  process. 

Having  brought  the  two  open  strings  into  perfect  am- 
^on,  so  that  no  beating  whatever  is  obsenred  in  the  onhd- 
naoce,  slide  the  moveable  bridge  slowlj  along  the  string 
while  the  wheel  is  turning,  beginning  the  motion  froo  tke 
end  most  remote  from  the  bow.    All  the  notes  of  the  octsn^ 
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3  all  kinds  of  concords  and  discords,  will  be  heard ;  each 
flhe  concords  being  preceded  and  followed  by  a  ruffling 
nting,  and  ibat  succeeded  by  a  grating  discord.      After 

a  general  view  of  the  whole,  let  die  particular  harmoni- 
of  the  bridge  be  more  carefully  examined  as 


-I.  Shift  the  moveable  bridge  to  the  division  120. 

[it  has  been  exactly  placed,  wc  sliali  hear  a  perfect  octave 

llioutftny  beating.     It  is,  however,  seldom  so  exactly  set, 

!  generally  hear  some  beating.      By  gently  shifting 

B  bridge  to  either  side,  this  beating  becomes  more  or  lesa 

,  and  when  we  have  found  in  which  direction  the 

idge  must  be  moved,  we  can  dien  :i)idc  it  along  till  the 

ing  cease  entirely,  and  ihe  sounds  coalesce  into  one 

md.     We  can  scarcely  hear  the  treble  or  octave  note  as 

uishable  from  the  bass  or  fundamental  aiTorded  by 

IB  other  string.  If  the  notes  are  duly  proportioned  in  loud- 

,  we  cannot  hear  the  two  as  distinct  sounds,  but  a  note 

iogly  the  same  with  the  fuudamental,  only  more  bril- 

int.    (N.  S.  It  would  be  a  great  improvement  of  the  a^ 

ntus  to  have  a  micrometer  screw  for  producing  those 

U  motions  of  the  bridge.) 

.  Having  thus  produced  a  fine  octave,  wc  can  now  perceive 

,  as  we  continue  to  shift  the  bridge  from  its  pro[ier  place, 

n  either  direction,  the  beating  becomes  mnre  and  more  rapid, 

inges  to  a  violent  rattling  flutter,  and  then  degenerates 

o  a  most  disagreeable  jar.    This  phenomenon  is  observed 

I  the  deviation  of  every  concord  whatever  from  perfect 
mny,  and  must  be  carefully  kept  in  remembrance. 

373,  Before  we  quit  tliis  concord,  the  octave  produced 

f  the  bisection  of  the  ppe  or  string,  we  must  observe,  that 

I)  respect  to  ourselves,  the  octave  c  c  must  beat  almost 

A  a  second,  before  we  can  observe  clearly  any  mis-tune 

II  it,  by  sounding  the  notes  in  succession,  or  as  steps  in  the 
ale  of  melody.  We  never  knew  any  ear  so  nice  as  to  dis- 
Kcr  a  oiis^tuning  when  it  beau  but  once  in  three  seconds. 
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u  i  vmrna,    uu:  ve  jck^ 
:}^:rmienr  lai:  "au  iixik. 
X'lea  31ft   iiioer%::nii  ir 

ar»  vjvaCiisi  'M-j^rr.tir,  utM'Mus^ 

^1%  Jl  rjiMi,  ^-w-mrrjb^  :r  :ae  ggnrarrr, 
Uasi  uwsifMuafji  if.  Virng . 
uiipiiAii  1.  -vsa;*,  «:iiSi£  frun.  & 

iMTi  txjcc  uaa  or  B2«9od|T  a^Goe.    Ii  u 

}ac  iiT' 'jkiTLZt  ptsic^  w'-fc-r  v^re  fr»|jeiLt]y  iatrodnori 
.s^^  Vjc*^  2;n.  ifi'i  ijc^  vcT*  sotimndii  tabsTe  cboein  good 
".  .rjt  I:  i-zytsTz  irycz  raas^se*  in  ihe  wridaigs  of  GtlcD) 
t'i^  c.??rrCii  yzri-jcrzMsn  esceL^  ccjefij  la  their  skill  in 
flUkicir.g  E.^iMe  rxcacifooftl  LcdccTaoeBa^  vhidi  dieir  lDllaeI^ 
^'jifisfL  O'^r  ^fetiix  i«  such  core  ^^rict,  br  mksooof  our 
fanrior^x  acuKij^^z^tncQLa,  which  are  an  afaofDimhle  noise 
-«r»«n  Hiiv-tuDcti  in  a  degree,  vhxfa  vould  have  passed  vitk 
the  anoer*L>  fc^  very  good  melodj.  Arktozcniis  sjs»  tint 
the  ear  cannoc  discorer  the  erra*  ot*  a  comma.  This  vouU 
fay*  \a:  iriuAtTaijle. 

374-.  But  arfo:hc-r  au  vantage  attends  our  method,  fte 
o!>tain,  Vjy  It^  av^isunce,  the  most  perfect  scale  of  melody; 
f^:rfect  in  a  degr^-e  attainable  only  by  chance  by  the  Greeks 
'i'Lii  is  now  to  \je  our  business  to  unfold. 

■ilo. — II.  Set  the  moveable  bridge  at  15S,  and  wand 
t):f:  two  5;trin;/5.     Thty  will  beat  very  disagreeably,  being 
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Idunly  out  of  tunc  Slide  it  gradually  toward  160,  and  tlie 
beats  will  grow  slower  and  slower ;  will  change  to  a  gentle 
and  not  unpleasant  undulation  ;  and  at  last,  when  the  bridge 
is  at  1(K),  will  vanish  entirely,  and  the  two  sounds  will  coa- 
lesce  into  one  sweet  concord,  in  which  neither  of  the  com- 
ponent sounds  can  be  distinguished.  If  the  sound  given  by 
the  short  string  be  now  examined  as  a  step  in  the  scale  of 
melody^  it  will  be  found  a  fifth  to  tlie  sound  of  the  long  string 
or  fundamental  note,  perfectly  satisfactory  to  the  nicest  ear. 
Thus  one  step  of  the  scale  has  been  ascertained. 

III.  Slide  the  bridge  slowly  along  the  string.  The  hoaU 
ing  will  recommence,  will  become  a  flutter,  and  then  ajar- 
ring  noise ;  and  will  again  change  to  an  angry  flutter,  beat* 
ing  about  eight  times  in  a  second,  when  the  bridge  stamis 
at  169  neariy.  Pushing  it  still  on,  but  very  slowly,  the 
flutter  will  become  an  indistinct  jarring  noise;  which,  by  con- 
tinuing the  motion,  will  again  become  a  flutter,  or  boat  about 
nz  in  the  second.      The  bridge  is  now  about  171. 

S76.^IV.  Still  continumg  the  motion,  the  flutter  becomes 
a  jarring  ncAse,  which  continues  till  the  bridge  is  near  to  180, 
when  the  rapid  flutter  will  again  be  heard.  This  will  be- 
come slower  and  slower  as  we  approach  to  180  ;  and  when 
the  bridge  reaches  that  point,  dl  beating  vanishes,  2uid  we 
have  a  soft  and  agreeable  concord,  but  far  inferior  to  the 
fanner  concord  in  that  cheering  sweetness  which  character- 
ises the  fifth.  When  this  note  is  compared  with  that  of  tl.-; 
fundamental  string,  as  a  step  in  the  scale  of  melody,  it  is  founii 
to  correspond  to  the  note^,  or  the  fourth  step  in  thescale« 
and  in  that  employment  to  give  complete  satisfaction  to  the 
ear. 

377.— V.  Still  advancing  the  moveable  bridge  toward  the 
nut,  we  shall  hear  the  beatings  return  again ;  and  after  flut- 
tering and  degenerating  to  a  jarring  noise,  by  a  very  smalt 
motion  of  the  bridge,  they  will  again  be  heard,  will  grow 
slower,  accompanied  with  a  sort  of  angry  expression,  and  will 
entirely  when  the  bridge  reaches  the  ]92d  division  of 

VOL.  XV.  2  n 
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our  scale.  Here  we  have  anotber  doneord  of  Tery 
ar  character,  being  remarkably  enlivening  and  gay.  TUs 
sound  gives  perfect  satisfaction  to  the  ear,  if  employed  at  die 
third  step  in  the  scale  of  melody,  being  the  note  m  of  dat 
series,  at  least  in  all  gay  or  cheerful  airs. 

378. — VI.  As  we  move  the  bridge  from  192  to  200^  we 
hear  again  tile  same  beatings,  which,  in  the  immediate  n- 
cinity  to  192,  have  a  peevish,  fretful  expression,  instead  of 
the  angry  waspish  expression  before  mentioned.  When  the 
bridge  has  passed  that  situation  which  produces  only  gradng 
discordance,  we  hear  the  beatings  again,  and  they  become 
slower,  and  cease  altogether  when  the  bridge  arrives  at  iOO, 
Here  we  have  another  consonance,  which  must  be  called  a 
concordy  because  it  is  rather  agreeable  than  otherwise,  hut 
strongly  marked  by  a  mournful  melaixrholy  in  the  expre^ 
sion.  In  the  scale  of  melody,  it  forms  the  third  step  in  thoR 
airs  which  express  lamentation  or  grief.  It  is  called  the 
minor  thirds  to  distinguish  it  from  the  last  enlivemng  ooa- 
cord,  which,  being  a  larger  inter\'al,  is  called  the  la^br  <iiii£ 

379.  It  is  well  known,  that  these  two  thirds  give  the  di^* 
tinguishing  ciiaractcrs  to  the  only  two  modes  of  mekiditms 
composition  that  arc  admitted  into  modem  music.  Theo- 
ries containing  the  major  third  is  called  the  mo/or,  and  that 
containing  the  minor  third  is  called  the  minor  mode.  It  is 
worthy  of  remark,  that  the  fanatical  preachers,  in  their  con- 
venticles and  field  sermons,  affect  this  mode  in  their  ha- 
rangues, which  are  often  distinctly  musical,  modulating  en- 
tirely by  musical  intervals,  and  keeping  the  whole  of  their 
chaunt  in  subordination  to  a  fundamental  or  key  note.  This 
is  not  unnatural,  when  we  consider  the  general  scope  of  their 
discourses,  namely  to  inspire  melancholy  and  humiliating 
thoughts,  awakening  sorrow,  and  the  like.  It  is  not  soeuj 
to  account  for  the  usual  whine  of  a  beggur,  who  generallj 
craves  charity  in  the  major  third.  This  is  the  case,  at  leist, 
in  the  northern  piuts  of  this  island. 

380.  If  we  continue  to  shift  the  bridge  still  nearer  to  the 
end  of  the  string,  wc  shall  hear  nothing  but  a  suocession  of 
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^e  diseolxlaTit  noiscir,  somewhat  less  oiFensive  when  the 
bridge  is  about  the  divisions  213  and  216,  but  even  there 
Yery  unpleasant. 

381. — VII.  Let  us  therefore  change  our  manner  of  pro- 
ceeding a  little,  and  again  place  the  bridge  at  160,  which 
will  gire  us  the  pleasing  concord  of  the  fifth.  Instead  of 
pushing  it  from  that  place  toward  the  nut,  let  it  be  moved 
toward  the  wheel  or  bow.  Without  repeating  what  we  have 
niid  of  the  appearance  of  the  beatings,  their  acceleration,  and 
their  degenerating  into  a  jarring  discord,  to  be  afterwards 
succe^ed  by  another  beating,  &c.  &c.  we  shall  only  observe, 
that  when  we  place  the  bridge  at  150,  we  have  no  beatings, 
and  we  hear  a  consonance,  which  is  in  a  slight  degree  plea- 
•ant,  and  may  therefore  be  called  a  concord.  It  has  the  other 
matks  of  a  concord  which  we  have  been  makinf;  so  much 
iite  of;  for  the  beatins^s  recommence  when  we  shift  the 
Widge  to  either  side  of  150.  This  note  makes  the  sixth  step 
Hi  the  descending  scale  of  mournful  melody  :  that  is,  when 
ir6  ibrfe  passing  from  the  acute  to  the  graver  notes,  with  the 
intention  of  putting  an  emphasis  on  the  third  and  the  fun- 
daiu^iital.  Although  not  eminent  as  a  concord  with  the  fun- 
dMnental  done,  it  has  a  most  pleasing  effect  when  listened 
Id  in  subordination  to  the  whole  series,  or  when  sounded 
along  with  other  proper  accompaniments  of  the  fundamental. 

S8:i.-^VIII.  Placing  the  bridge  at  144,  we  obtain  ano- 
ther very  pleasing  concord,  differing  in  its  expression  from 
toy  of  the  foregoing.  We  find  it  difficult  to  express  its  cha- 
ntcCer.  It  is  greatly  interior  to  the  fiflh  in  sweetness,  and 
to  the  major  third  in  gaiety,  but  seems  to  possess,  in  a  lower 
degree,  both  of  these  qualities.  In  the  scale  of  cheerful  me- 
lody, it  is  the  sixth  note,  which  we  have  distinguished  by 
the  syllable  la.  It  is  also  used  even  in  mournful  melody, 
^heh  we  are  ascending,  with  the  intention  of  closing  with 
tbe  octave. 

383.  In  shifting  the  bridge  from  144  to  130,  we  obtain 
tiothing  but  discordant,  or  at  least  disagreeable  consonances. 


420  t£MP£&AM£NT  OF 

And,  lastly,  if  we  move  the  bridge  beyond  120,  to  divisioDS 
which  are  respectively  the  halves  of  those  numbers  wbidi 
produced  the  concords  already  treated  of,  we  obtain  the  saoat 
steps  in  the  scale  of  the  upper  octave.  Thus  if  the  bridge 
be  at  80,  we  have  the  fifth  to  the  octave  note,  or  twelfth  to 
the  fundamental.  If  it  be  at  60,  we  obtain  the  double  o^ 
tave,  &C.  &c.  &c- 

364.  We  have  perhaps  been  rash  in  affixing  certain  moral 
or  sentimental  characters  to  certain  concords ;  for  we  have 
seen  instances  of  persons  who  gave  them  different  denomi- 
nations; but  these  were  never  contradictory  to  ours,  but  al- 
ways expressed  some  sentiment  allied  to  that  which  we  have 
assigned.      We  never  met  with  an  instance  of  a  person  ca- 
pable of  a  little  discriminating  reflection,  who  did  not  ac- 
knowledge a  manifest  sentimental  distinction  among  the  dif- 
ferent concords  which  could  not  be  confounded.  We  doubt 
not  but  that  the  Greeks,  a  people  of  exquisite  sensilnlity  to 
all  the  beauties  of  taste  and  sentiment,  paid  much  attentioa 
to  these  characters,  and  availed  themselves  of  them  in  their 
compositions.    We  do  not  think  it  at  all  unlikely,  that  great- 
er effects  have  been  produced  by  their  music,  which  was 
studied  with  this  express  view,  than  have  ever  been  produced 
by  the  modern  music,  with  all  the  addition  of  harmony.   Wc 
have  allowed  too  great  a  share  of  our  attention  to  mere  har* 
mony.     Our  great  authors  are  much  less  solicitous  to  com- 
pose an  enchanting  air,  than  to  construct  a  full  score  of  rich 
and  well  conducted  harmony.    AVc  do  not  profess  to  be  nice 
judges  in  musical  composition,  but  we  may  tell  what  we  our- 
selves  experience.    We  find  our  minds  worked  up  by  a  con- 
tinuance of  fine  harmony  into  a  gtncral  sensibility ;  into  a 
frame  of  mind  which  would  prepare  and  fit  us  for  reoeiving 
strong  impressions  of  moral  sentiment,  if  these  were  distinct- 
ly made.     But  we  have  seldom  felt  any  distinct  emotions 
excited  by  mere  instrumental  music.      And  when  tlie  har« 
monies  have  been  merely  to  support  tlie  performance  of  a 
voiccj  tlie  words  have  been  cither  so  frittered  by  musical  di- 
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TtdcmSf  as  to  become  in  some  measure  ludicrous^— or  have 
lieen  su  iiidistinci,  and  made  so  trifling  a  part  of  the  music, 
tbttt  there  was  nothing  done  to  give  a  particular  shape  to 
the  moral  impression  on  our  mind.    We  have  generally  been 
fltronp^ly  affected  by  some  of  the  anthems  whii;!i  were  in 
Togue  in  former  times  ,  and  we  think  that  we  pcrcifivetl  the 
cause  of  tlixs  difference :  There  was  a  great  simplic'tt y  in  the 
^oice  parts :  the  syllables  were  not  drawled  out  mto  long 
muucal  phrases,  but  pronounced  nearly  according  to  their 
proper  quantities ;  so  that  the  sentiment  of  the  speaker  was 
expressed  with  all  the  force  of  good  declamation,  and  the 
barmony  of  the  accompaniment  then  strengthened  the  ap- 
propriate effect  of  the  melody.     We  mean  not  to  offer  the.se 
observations  as  of  much  authority,  but  merely  to  mention 
aome  facts,  and  to  assign  what  we  felt  to  be  their  causes,  in 
order  to  promote,  in  some  degree,  however  insignificant,  the 
cultiyation  of  musical  science.     With  this  view,  we  venture 
to  say,  that  some  of  the  best  compositions  of  Knanp  of  York 
umifomdy  affect  us  more  than  the  more  admired  anthems  of 
BM  and  Tallis.      A  cadence,  which  Knapp  gives  almost 
entirely  to  the  melody,  is  laboured  by  Bird  or  Tallis  with 
all  the  rules  of  art ;  and  you  have  its  characters  of  perfect 
«r  imperfiect,  full  or  disappointed,  cadences,  and  such  an  ap- 
'paratus  of  preparation  and  resolution  of  discords,  that  you 
fonee  it  at  the  distance  of  several  bars,  and  then  the  part 
asagned  to  the  voice  seems  a  very  trifle,  and  merely  to  fill 
*\ip  a  blank  in  the  harmony.    Such  compositions  smell  of  the 
lamp,  and  fail  of  their  purpose,  that  of  charming  the  learned 
car.    But  enough  of  this  digression. 

9B5.  Thus  have  we  found  a  natural  relation  between  cer* 
tain  sounds  strongly  marked  by  very  pri'cise  characters.  The 
concordance  of  sound  is  marked  by  the  absence  of  all  undu- 
lation, and  the  deviations  from  this  harmony  arc  shewn  to 
lie  measurable  by  the  frequency  of  those  undulatigns.  We 
liave  also  found,  that  the  notes  which  are  thus  harmonious 
akng  with  the  fundamental,  are  steps  in  the  scale  of  natural 
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music  (for  we  must  acknowledge  melody  tq  be  the  piimiUTf 
music  dictated  by  nat  re.)  We  have  got  the  noXe^r^do^ 
^^fai  9oU  ^ — dOf  i^certained  in  a  way  that  can  no  loogu 
be  mistaken. 

386.  Let  us  now  examine  what  physical  or  mechaniod 
relations  these  sounds  stand  in  to  each  other.  Our  monoctioni 
gives  us  the  lengtlis  of  the  strings ;  and  the  disooyerj  of 
Galileo  shews  qs^  that  these  are  also  the  durations  of  the 
aerial  pulses  which  produce  the  sensations  of  muacal  notet' 
Their  ratios  may  therefore  be  truly  called  the  ratios  of  the 
sounds.  Now  we  sec  that  the  strings  which  produce  the 
sounds  do  sol  are  240  and  160.  The$e  are  in  the  ratio  of 
3  to  2.  In  this  manner  we  may  state  all  the  ratios  observed 
in  our  experiment,  viz. 
Do  :  mi  have  the  ratio  of  34-0  to  192,  or  of  5  to  4 


Do:  fa 

240  :   180  . 

4:  3 

Do :  aol 

240  :  160 

3:  2 

Do:  la 

240  :  144 

5  :  3 

Ni :  sol 

192  :  160 

6  :  5,=<Io:aA 

Fa  :  sol 

180  :   160 

9  :  6 

Sol :  la 

160  :  144 

10:  9 

Mi :  fa 

192  :  180 

16:  15 

Here  we  get  the  sight  of  all  the  ratios  which  the  ingeni- 
ous and  unwearied  speculations  of  the  Greek  mathematidans 
enlisted  into  the  service  of  music,  without  being  able  togive 
a  good  reason  why.  The  ratio  5  :  4,  which  their  fastidious 
metaphysicians  rejected,  and  which  others  wished  to  iotio- 
duce  from  motives  of  mere  necessity  to  fill  up  a  blank,  is 
pointed  out  to  us  by  one  of  the  finest  concords.  The  inter- 
val between  the  fourth  and  fii'th  is,  very  fortunately  ^  a^of 
the  scala 

387.  The  next  step  sol  la  is  more  important.  Fortbeear 
for  melody  would  liave  been  very  well  satisfied  with  an  in- 
terval eqiial  to^a  ,sr>/,  or  9  :  S ;  but  it  the  moveable  hridge 
be  set  at  the  division  142%  corresponding  to  such  a  stq^ 
we  should  have  a  very  offensive  fluttering.    It  is  reasonable 
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AfBpefare  to  condude,  /rom  011.7/01^.  that  th^  interval  W  h 
docft  not  oorrespond  to  the  ratu)  9:8;  ^mi  that  10  :  9, 
vhich  k,  at  least,  equally  tuiiisiacton'  to  rhc  ear,  is  the  pro* 
per  «ep,  even  in  the  icelc  of  meloriy.  If  we  consider  what 
may  be  called  the  acaie  of  harmony,  there  is  no  room  loft  for 
dkuibt  To  ei^ov  the  greatest  ponsibie  pleasure  of  harmony, 
we  niist  Doi  only  take  each  ntUe  as  it  is  related  to  the  ftin- 
^Ifmemal,  but  also  as  it  is  related  to  other  notes  of  the  M«le. 
it  say  chance  to  be  convenient  to  assume  for  the  funda- 
mental of  our  occasional  scale  of  modulation,  the  string  of 
the  lyre  which  is  tuned  as  fa  to  its  proper  fundamental ;  or 
it  may  increase  the  harmony  (and  wc  know  that  it  does),  if 
we  accompany  the  note  do  with  both  of  the  noles^  and  la. 
To  have  the  fine  concord  of  the  major  third,  it  's  necessary 
that  the  interval /ir  la  be  equivalent  to  the  ratio  5  :  4.  Now 
/i  is  18Q,  and  5  :  4  =r  ]80  :  144.  Therefore,  by  making 
the  step  so/  la  equal  to  9  :  8,  we  should  lose  this  agreeable 
coBCord,  and  g^  discord  in  its  place. 

And  thus  is  evinced,  in  opposition  to  Aristoxenus,  the 
propriety  of  having  both  a  major  and  a  minor  tone ;  the  first 
expressed  by  9  :  8,  and  the  last  by  10  :  9.  The  difference 
between  these  steps  is  the  ratio  81  :  80,  called  a  comma  by 
the  Graek  theorists. 

3S8.  We  still  want  two  steps  of  the  scales  ^nd  two  sounds 
or  notes  corresponding  to  them,  namely  rt  and  jn ;  and  wo 
wish  to  establish  them  on  the  same  authority  with  the  rest. 
We  see  that  this  cannot  be  done  by  a  conconlancc  with  the 
fundamental  do.  The  ear  sulficientlv  informs  us  that  the 
steps  do  re  and  la  n  must  be  tones,  and  not  semitones,  like 
ndjii.  The  sensible  siinilaritv  of  the  two  letrachtHxis,  dort 
mija  and  sol  h  sido^  alito  toadies  us  that  the  step  tr  do  should 
be  a  semitone  like  nuja.  This  seems  to  he  all  that  mere 
melody  can  teach  us.  But  we  have  little  information  whe- 
ther we  shall  make  la  si  a  major  or  a  minor  tone.  If*  wc 
copy  the  tetrachorrl  do  re  mi  fa  exactly,  we  shall  make  the 
step  n  do  like  mifoy  and  equivalent  to  the  ratio  10  :  1!^. 
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This  requires  the  moveable  bridge  to  be  placed  at  128.  The 
sound  produced  by  tliis  division  is  perfectly  satisfactory  to 
the  ear  as  a  step  of  the  scale  of  melody.  Moreover,  our 
satisfaction  is  not  confined  to  the  comparison  of  it  with  the 
note  Jo,  into  which  we  slide  by  this  gentle  step.  It  makes 
agreeable  melody  when  used  as  the  third  to  the  note  jo/.  If 
we  examine  it  mathematically,  we  find  it  a  perfect  major  third 
to  sol ;  for  sol  requires  the  160th  division.  Now  160 :  189 
=  5:4,  which  is  the  ratio  of  the  pulses  of  a  major  tlurd. 
All  these  reasons  seem  enough  to  make  us  adopt  this  deter- 
mination of  the  note  ^t. 

389.  It  remains  to  consider  how  we  shall  divide  the  in- 
terval do— mil     It  is  a  perfect  major  third.   So  is^Si  /a,  and 
so  is  sol  ai.     But  in  the  first  of  these  two,  we  have  seen  that 
it  must  be  composed  of  a  major  tone  with  a  minor  tone  above 
It ;  and  in  the  second  wc  have  a  minor  tone  fc^lowed  by  a 
major  tone  above.    We  are  left  uncertain  therefore  whether 
do  re  shall  resemble /a  la  or  sol  si  in  the  position  of  its  two 
parts.   Aristoxenus  and  iiis  followers  declared  the  ear  to  be 
equally  pleased  with  both.     Ptolemy's  Si/stema  Diatmkvm 
Intensum  makes  do  re  a  major  tone,  and  other  systems  make 
it  minor.     Even  in  modern  times  it  has  been  considered  as 
uncertain ;  and  the  only  reason  which  we  have  to  ofier  fat 
a  preference  of  the  major  tone  for  the  first  step  is,  that,  so 
far  as  we  can  judge  by  our  own  feelings,  the  sounds  in  the 
relation  of  9  :  8  arc  less  discordant  than  sounds  in  tlie  rela- 
tion of  10  :  9,  and  because  all  the  other  steps  have  been  de- 
termined by  means  of  concords  with  the  key.    We  refer,  for 
a  more  particular  examination  of  the  principles  on  which 
these  arrangements  are  valued,  to  Dr,  Smith's  Ilamumicsj 
Prop.  I.  where  he  shews  how  one  is  preferable  to  another, 
in  proportion  as  it  affords  a  greater  numlier  of  perfect  cpn- 
cords  among  the  neighbouring  notes,  which  is  the  favourite 
object  in  all  modern  music.      Upon  this  principle  our  ar- 
rangement is  by  far  the  best,  because  it  admits  five  more 
•oncord.s  in  the  octave  than  the  other.     But  we  have  con- 
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Minor  tone    . 

4676  or 

458 

Major  tone 

£lt5 

512 

Sd       .        .        . 

7918 

792 

Hid 

9691 

960 

4th                 .      . 

12494 

1249 

Vth      .       .      . 

17609 

1761 

6th                 .      , 

80412 

2041 

Vlth 

22185 

2219 

Vllth      . 

27300 

2780 

Vlllth 

S0IQ3 

3010 

This  is  a  very  convenient  circumstance  If  we  take  only  tbe 
four  first  figures  as  integers,  and  make  the  oictave  consist  of 
SOlO  parts,  we  have  a  scale  more  exact  than  tb*  nioest  har- 
mony requires.  The  circumference  of  a  circle  may  be  so  di« 
Tided  into  301  degrees,  and  tlie  moveable  circle  have  a  no- 
nius subdividing  each  into  10.  Or  it  ma^  be  divided  into 
55,8  degrees,  each  of  which  will  be  a  comma.  Either  of  these 
divisicMis  will  make  it  a  most  convenient  instrument  for  ex- 
peditiously examining  all  temperaments  of  the  scale  that  pan 
be  proposed.  Or  a  straight  line  may  be  so  divided,  and  re- 
peated thrice.  Then  a  sliding  ruler,  divided  in  the  same 
manner,  and  applied  to  it,  will  answer  the  same  purpoais. 
We  shall  see  many  useful  employments  of  these  instrumeots 
by  and  by. 

391.  Having  thus  endeavoured  to  communicate  some  plain 
notion  of  the  formation  and  singular  nature  of  that  grada- 
tion of  sounds  which  produces  all  thtJ  pleasures  of  niuac, 
and  of  the  manner  of  obtaining  the  steps  of  this  graclaiion 
with  certainty  and  precision,  we  proceed  to  consider  how 
those*  musical  passages  may  bo  performed  on  such  keyed  io- 
struments  as  the  organs  and  harpsichords,  as  they  are  now 
constructed.  These  instruments  have  twelve  sounds  and  in- 
tervals in  every  octave,  in  order  that  an  air  may  be  perform- 
ed in  any  pitch  ;  that  is,  taking  any  one  of  the  sounds  as  a 
key  note.  It  is  plain  that  this  cannot  l>e  done  with  accu- 
racy ;  for  wc  have  now  seen  that  the  interval  mi/a  is  bigger 


THS  SCALB  OP  UCUC  42T 

than  half  of  A»  re  or  rr  m,  &c.  and  therefbre  the  intacalary 
sound  ibrvicrij  neadoiwd  to  be  insnted  between  C  and  D, 
D  and  £,  &&  will  not  do  indiscriminately  for  the  sharp  of  the 
oound  bdow,  and  the  flat  of  the  sound  abore  it.  When  the 
tones  are  leduoed  to  a  mean  size,  the  ear  is  scaroelj  sensi- 
ble of  the  change  in  melody,  and  the  harmony  of  the  fifths 
and  fourths  b  not  greatly  hurt  But  when  the  half  notes 
are  inserted,  and  employed  to  make  up  harmonious  inter- 
▼alsy  as  recommended  by  Zarlino^  the  harmony  is  very  coarse 
indeed. 

39S.  Qut  we  must  make  the  reader  sensible  of  the  neces- 
sity of  some  temperament,  even  independent  of  those  arti- 
fidal  ncrtes.    Therefoce 

Let  the  scholar  tune  upwards  the  four  Vths  cg^gd^d  a, 
a  e,  all  perfect,  admitting  no  beating  whatever.  This  is 
eaanly  done,  either  with  the  organ  or  the  wheel  monochord 
already  described.  Then  tune  downwards  the  perfect  oc- 
taves e  e,  e  e.  Now  examine  the  Illd  c  e  which  results  from 
this  process.  If  the  instrument  be  of  the  pitch  hitherto 
supposed  (c  making  240  pulses  in  a  second,)  this  Illd  will 
be  heard  beating  15  times  in  a  second,  which  is  a  discord- 
ance altogether  intolerable,  the  note  e  being  too  sharp  in 
the  ratio  of  81  to  80,  which  makes  a  comma.  It  is  easily 
found,  by  calculation,  that  e  makes  303|  pulses,  instead  of 
300,  required  for  the  Hid  to  c, 

N.  B.  It  may  not  be  amiss  to  inform  our  readers,  that  if 

fH 

any  concord,  >yho$e  perfect  ratio  is^  (m  being  the  greatest 
termof  the  smallest  integers  expressing  that  ratio)  be  tempered 

sharp  by  the  fraction  j-  of  a  comma,  and  if  M  and  N  be  the 

pulses  made  by  the  acute  and  grave  notes  of  the  concord 

during  any  number  of  seconds,  the  number  h  of  beats 

2qmS 
made  in  the  same  time  by  this  concord  will  be  =  jci  p     f* 
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2cnM 
or  fgj  ■  (.y«nV4*j  -Harm  2d  edit  pu  82,  fcc) 

S93  It  is  impo^Ue*  therefore,  to  hate  perfect  Vikr  a2 
perfect  1 1  Ids  at  the  same  time.  And  it  wiD  be  finoid.  Am  de 
3de  g  resulting  from  this  process,  and  the  Vlth  e  «»  '^ 

more  discordant,  rattling  at  an  intolerable  ratCL 
major  and  minor  thirds,  alternately  sueoeeding 
form  the  greatest  part  of  our  harmonies ;  and  the  VU  ii 
also  a  very  frequent  accompaniment.  It  is  Dccesaart  then- 
fore  to  sacrifice  somewhat  of  the  perfect  hannoaj  of  the  Tihk 
in  order  that  we  may  not  be  disgusted  with  the  Asami  «f 
those  other  harmonies  :  and  it  is  this  mutual  auauinniedaUBB, 
and  not  the  changes  made  necessary  by  the  intrododiaB  d 
intercalary  notes,  which  is  properly  called  TEiircaAMKXt. 
It  will  greatly  assbt  us  in  understanding  the  cSbcCs  of  ik 
temperaments  of  the  different  concords,  if  we  eiamif  al 
the  divisions  of  the  circular  representation  of  the  octane  »d 
musical  scale  given  in  Place  V.  fig.  1.  by  placing  the  inies 
of  the  moveable  circle  on  that  note  of  the  outer  circle  fm 
which  we  want  the  proper  harmonies,  or  accorapaBioKSt^ 
wliieb  are  either  the  Hid  and  Vth,  or  the  4th  and  VIdL 
We  shall  thus  learn,  in  the^rs^  place,  the  deviations  of  the 
different  perfect  notes  of  the  scale  from  the  notes  required 
for  this  uew  fundamental;  and  we  must  then  study  wiut 
effect  the  same  temperament  produces  on  the  agreeable- 
ness  of  the  liaimony  of  different  concords  having  the  same 
bass  or  the  same  treble,  taking  it  for  granted  that  the  hurt 
to  the  harmony  of  any  individual  concord  is  proportionil 
to  its  temperament. 

394  It  is  in  this  delicate  department  of  musical  scieooe 
that  wo  think  the  great  ment  ot  Dr.  Smith's  work  consists. 
We  aw  that  the  deviation  from  perfect  harmony  is  always 
a(coni})anie(l  with  beats,  and  increases  when  they  increase 


r 
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\a  frequency— whetlier  it  increases  id  Uie  same  proportion 
may  be  a  question.  We  tliiuk  that  Dr.  Sniitti's  ilcurminft- 
UoD  uf  the  equality  of  imperfect  harmony  in  hia  13th  propo- 
sition, includes  every  uiatlieinalical  or  physical  cirgu instance 
that  nppearh  ly  have  any  uoncern  in  it.  What  relates  im- 
tn«diately  to  our  seiisatiuiis  is,  as  yet,  an  inipenvtrnble  secret. 
The  theory  uf  beuis,  as  delivered  by  tins  author,  afTi^rdt 
very  easy,  though  sometimes  tediou.';,  metliuds  of  measuring 
and  of  insuring  all  the  varieties  which  can  obtain  in  the  beat- 
ing ui*  iniperler.t  consoiuiiiccs.  It  appears  to  us  iherelbrc 
very  unjust  to  »ay,  with  a  late  writer  in  the  Philosophical 
Trait«acliuns  *,  tliut  this  obscure  volume  has  lefl  the  matter 
where  it  found  it.  The  author  has  yiven  us  rffeetitt  priud- 
pJes,  allhougti  he  may  have  been  mistaken  lit  the  applica- 
tion ;  which  however  we  are  farfrom  afHrming.  Our  limits 
will  not  allow  us  to  give  any  account  o(  that  theory  ;  and  in- 
deed our  chief  aim  in  the  prtsent  oriicle  is  to  give  a  method 
of  temperament  which  re(iuires  no  scientific  knowledge  of 
the  subject.  Hut  we  could  not  think  of  losing  the  opfjortu- 
nity  of  communicating,  by  the  way,  to  unlearned  per«)n5, 
some  more  distinct  notions  of  the  scale  of  musical  sounds, 
and  of  its  foundaiion  in  nature,  than  scholars  usually  receive 
from  the  greater  number  of  mere  music  masters.  Theac- 
knotvlcdgcd  connection  of  the  musical  ratios  with  the  plea- 
iurra  of  harmony  and  melody,  has  (we  hope)  been  em|jloy- 
ed  in  an  easy  and  not  obscure  manner ;  and  the  phenomena 
which  we  hove  faithfully  imnated,  shew  plainly  that,  by  di- 
minishing the  rattling  undulations  of  tempered  concords,  we 
are  certain  of  improving  die  harmony  of  our  instruments. 
We  shall  proceed  therefore  on  this  principle  for  the  use  of 
llic  men-  performer,  hut  at  the  sauie  time  introducing  some 
very  simple  deductions  from  Smith's  theory,  for  wliich  w* 

*  Dr.  TliuniM  Vaimg,  to  wliuiti  Dr.  It..b>fiuii  hrte  Bllutlri.  bat  Mxtililu^  ■ 
Itply  taih'i.  aniJ  .  prcctdlng  part  i.rUie  ^tvmeaX  urti'le,  in  N  chvlv-n's  Joiii-- 
nal.  tor  Augait  I  BPl.      Sec  >Uu  Dr.  Yuung'i  Lccturti  on  Xatnivt  I'hlletaphg, 
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expect  the  thanks  of  all  such  readers  aft  wish  to  ttd  a  littfe 
of  the  reasons  on  which  they  are  to  proceed. 

395.  The  experiment,  of  which  we  ha? 6  jiiat  iMy#  giinm 
an  account^  shews  that  four  consecutiva  fiftba  eomprtte  a 
greater  interval  than  two  ootaves  and  a  najor  third.  Yef^ 
ill  the  construction  of  our  musical  instnimeiits  of  fixcfl 
sounds,  they  must  be  coiindered  as  of  eqoal  extMt;  sate 
we  have  7  half  intervals  in  the  Vth,  and  18  in  the  oecafe^ 
and  four  in  the  Hid,  four  Vths  contain  88,  and  Vifo  oetaVes 
eontain  24 ;  and  these,  with  the  four  which  compose  a  Illd, 
make  also  88.  It  is  plain,  therefore,  that  whatever  we  do 
i^ith  the  Illds,  we  must  lessen  the  Vths.  If  therefore  we 
keep  the  Hid  perfect,  we  must  lessen  each  of  the  Vths  by 
'th  of  a  comma ;  for  we  learned,  by  the  beating  of  the  im- 
perfect Hid  c  e,  that  the  whole  excess  of  the  fonr  Vths  was 
a  comma.  Therefore  the  Vth  c  g  must  be  flattened  ^th  of  i 
ebmma.  But  how  is  this  to  be  done  with  accuracy  ?  Recol- 
lect the  formula  given  a  little  ago,  where  the  number  of  beats 

b  in  any  number  of  seconds  is  =  ifi|  n  -u  a'       '**  ^^  P**" 

sent  case  9  =  1,  m  =  3,  N  =  240  per  second,  and  p  =  4 

~,^  2  X  3  X  240       1440 

Therefore  the  formula  is  =.  -.  ^1   ^  4  1   ^  =  aak   =  2,23 

in  a  second,  or  9  beats  in  four  seconds  very  nearly. 

In  like  manner,  the  next  Vth  g  d  must  be  flattened  7th 
of  a  comma,  by  making  it  beat  half  as  fast  again,  or  13r 
beats  in  four  seconds  (because  in  this  Vth  N  =  360.  But 
as  this  beating  is  rather  too  quick  to  be  easily  counted,  it 
will  be  better  to  tune  downwards  the  perfect  octave  g  6, 
which  will  reduce  N  to  180  for  the  Vth  G  d.  This  will 
give  us  1,68  per  second,  or  10  beats  in  6  seconds  very 
nearly. 

There  is  another  way  of  avoiding  the  employment  of  too 
quick  beats.  Instead  of  tuning  the  octave  g  G,  make  c  6 
beat  as  often  as  c  g.  This  is  even  more  exactly  an  octave 
to  g  than  can  be  estimated  by  a  good  ear.     Dr.  Smith  has 
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demoostnited,  that  when  a  note  makes  a  minor  concord  with 
Btiother  note  below  it,  and  therefore  a  major  Concord  with 
the  octave  to  that  note,  it  beats  equally  with  both ;  but  if 
the  major  concord  be  below,  it  beats  twice  as  fast  with  the 
oetave  above.  Now  in  the  present  case,  c  g-  is  a  Vth,  and  c 
O  a  4th.  For  the  same  reason  cf  would  beat  twice  as  fast 
^cF. 

In  the  next  place,  the  Vth  d  a  must  be  made  to  beat  flat 
15  times  in  0  seconds. 

In  like  manner,  instead  of  tuning  upward  the  Vth  a  e, 
tune  downward  the  octave  a  a,  and  then  tunc  upward  the 
Vth  a  e,  and  flatten  it  till  it  beat  15  times  in  8  seconds. 

If  we  take  15  seconds  for  the  common  period  of  all  these 
beats,  we  shall  have 

Tlie  beats  of  c  g-  —  3+. 
Gd  =  25. 

d  a  =  371. 
a  c  -  29. 

396.  We  shall  now  find  c  e  to  Im^  a  fine  Illd,  without  anv 
sensible  beating  ;  and  ilwn  we  proceed  in  the  same  way,  al- 
ways tuning  upward  a  perfect  Vth  ;  and  when  this  would  lead 
too  high,  and  therefore  produce  too  quick  beating,  we  should 
tune  downward  an  octave.     Do  this  till  we  reach  b  -i,  which 

should  be  the  same  with  r,  or  a  perfect  octave  above  c.  This 
will  be  a  full  proof  of  our  accurate  performance.  But  the 
best  process  of  tuning  is  to  stop  when  we  get  to  ^  e.  Then 
W6  tune  Vths  downward  from  c,  and  octaves  upward  when 
the  Vths  would  lead  us  too  low.     Thus  we  get  c  F,  F 

fi  f^3  y^yf^y*  e'',  and  thus  complete  the  tuning  of  an  oc- 
tave.    We  take  this  method,  instead  of  proceeding  upwards 

to  i  ^ ;  because  those  notes  marked  sharp  or  flat  are,  when 
tuned  in  this  way,  in  the  best  relation  to  those  with  which 
they  are  most  frequently  used  as  1 1  Ids. 

397.  This  process  of  temperament  will  be  greatly  expe- 
dited by  employing  a  little  pendulum,  made  of  a  ball  of 
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about  two  ounces  weight,  sliding  on  a  light  dealzod,  baring 
at  one  end  a  pin  hole  through  it  To  prepare  this  rod, 
hang  it  upon  a  pin  stuck  into  the  wainsooating,  and.  slide 
the  ball  downward,  till  it  makes  20  vibrations  in  15'',  by 
comparing  it  with  a  house  clock.  In  this  condition  maik 
the  rod  at  the  upper  edge  of  the  balL  In  like  manner,  ad- 
just it  for  34,  28,  32,  36,  40,  44,  48,  vibnuiona,  malkiif 
marks  for  each,  and  dividing  tlie  spaces  between  tbem  by  the 
eye,  noticing  their  gradual  diminution.  Then,  having  cd« 
culated  the  beats  of  the  different  Vths,  set  the  ball  at  the 
mark  suited  to  the  particular  concord,  and  temper  the  sound 
till  the  beats  keep  pace  exactly  with  the  pendulum. 

398.  But  previous  to  all  this,  we  must  know  the  number 
of  pulses  made  in  a  second  by  the  C  of  our  instrument  For 
this  purpose  we  must  learn  the  pulses  of  our  tutung  fork. 
To  learn  this,  a  harpsichord  wire  must  be  stretched  by  a 
weight  till  it  be  unison  or  octave  below  our  fork :  then,  by 
adding  ^th  of  the  weight  to  what  is  now  appended,  it  will 
be  tempered  by  a  comma,  and  will  beat,  when  it  is  sounded 
along  with  the  fork  ;  and  we  must  multiply  the  beats  by  80: 
The  product  is  the  number  of  pulses  rec^uired.  And  benoe 
we  calculate  the  pulses  of  the  C  of  our  instrument  when  it  is 
tuned  in  perfect  concord  with  the  fork. 

The  usual  concert  pitch  and  the  tuning  forks  are  so  near- 
ly consonant  to  240  pulses  for  C,  that  this  process  is  scarce- 
ly necessary,  a  quarter  of  a  tone  never  occasioning  the  change 
of  an  entire  beat  in  any  of  our  numbers. 

399.  The  intelligent  reader  cannot  but  observe,  that  this 
system  of  tuning  with  perfect  Illds,  which  is  preferred  to 
all  others  by  many  great  masters,  is  the  one  represented  by 
our  circular  figure  of  the  octave.  The  1 1  Id  is  there  per- 
fect, and  the  Vth  CG  is  deficient  by  a  quarter  of  a  comaa. 
We  cannot  here  oiuit  taking  notice  of  a  most  valuable  ol^ 
servation  of  Dr.  Smith's  on  this  temperament,  and,  in  gene- 
ral, on  any  division  of  the  wtave  into  mean  tones  and  equal 
limmas. 


^99 


THB  SCALE  OF  UUSIC.  433 

■  400  The  octave  being;  made  up  of  five  mean  lones  and 
Iwo  limmas,  it  is  plain  ihnt,  by  enlarging  the  tones,  we  dl- 
Bini^b  the  limmas,  and  ihui  ihc  increment  of  tlie  tone  is  two- 
fifths  of  me  contemporaneous  diitiinutiun  ul'thc  limma.  If, 
tfacrrfore,  ve  employ  the  symliol  v  lo  express  any  minute 
Tariatiun  of  this  temperament,  and  make  the  incremtnt  of  a 
mean  tone  =  3  c,  the  contempunuicous  variation  which  this 
induces  on  a  hmma  will  be  —  —  5  t- ;  and  if  the  tone  be  di- 
mini^ed  by  the  same  {jiiantity  —  2  v,  the  limma  will  in- 
crease by  the  quantity  5  v.  Let  us  bee  whut  arc  the  con- 
temporaneous changes  made  on  all  the  intervals  of  the  oc- 
tave when  the  tone  is  diminished  b^  2  v. 

I.  A  Vth  is  made  up  of  three  tones  and  a  Itmmii.  There- 
fore the  variation  of  iLi  temperament  ia=  —  6  c  -i  d  ti,  or  is 
^^D.  That  is,  the  Vth  is  flattened  from  its  former  tem- 
perainent,  whatever  that  may  have  been,  by  tlic  quantity 
—V.  Consequently  the  4th,  which  isalways  the  complement 
of  the  Vth  to  the  octave,  has  its  temperament  sharpened  by 
the  quantity  r. 

9.  A  lid,  being  a  lone  distant  from  the  fundamental,  has 
its  temperament  changed  by  —  2v- 

Therefore  a  minor  7th  is  raised  by  2  v. 

3.  A  minor  3d  is  made  up  of  a  tone  and  a  hmma :  there* 
lore  it»  variation  is  =  —  a  u  +  5 1-.  =  3  is. 

Therefore  a  major  Vlth  (its  cumplemenl)  loses      — 3  w. 

4.  A  major  11  Id,  or  two  tones,  has  its  variation  —  —  iv. 
Therefore  a  minor  6ih  has  its  variation  =  4  v. 
A.  A  major  Vllth,  the  complement  of  a  hmma,  has  —  5  v. 
6.  A  tritone,  or  IVili,  must  have  the  variation  =  —  6w. 
Therefore  thefalbe  Sth  must  have  -  -  -  6  v. 
401.  From  this  observation,  Dr  Smith  deduces  the  fol> 

lowing  simple  mathematical  construction  :  In  the  strait  line 
CE  (Plate  V.  fig.  8)  take  the  six  equal  parts,  C  g,  g  d,  d 
a,  d  E,  E  b,  b  I,  and  draw  through  the  points  of  division 
Uie  six  parallel  lines  gG,  dD,  Sic.  Lei  llii-se  lines  repre- 
sent so  many  scales  of  the  octave,  so  pUced  that  tl^e  poiou 
fOi.  VI.  S  K 
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C,  gi  ij  &C.  may  represent  the  points  C^g^JU  Iml  of  the 
circukir  scale  in  Phtc  V  fig.  1.  where  it  ii  cut  bj  the  doU 
ted  lines  representing  the  system  of  mean  tones  and  liai- 
mas.  Then,  Isf,  take  a  certain  length  li  G  oo  the  first  laut^ 
to  the  right  hand  of  the  line  CE,  to  represtiit  m  quarter  of 
a  comma.  G  will  mark  the  phice  of  the  perleet  Vth,  whik 
g  represents  that  of  the  mean  or  tempered  Vth.  8d^,  Set 
oSdl^^  double  oF^  G,  in  like  manner,  to  the  right  hssd 
on  the  decond  parallel.  This  will  be  the  place  of  the  po- 
fect  lid  to  the  key  note  C.  3dly^  Also  ueicffa  A,  on  the 
third  parallel,  to  the  kft  hand,  equal  to  ^  G.  This  will 
mark  the  place  of  A,  the  Vlth  to  the  key  note  C.  4lM^  Plsoe 
E  on  the  point  e,  because,  in  the  system  of  mean  tones  lepie- 
sented  in  Plate  V.  fig.  1.  the  Illds  were  kept  perfect  SiUf^ 
Make  &  B,  to  the  right  hand  on  the  5th  line,  equal  tog  G, 
to  mark  the  pbce  of  the  perfect  Vllth  to  the  kcj  note  C. 
And,  Gtkfyj  make  f  T,  to  the  right  hand  on  Am  si&tb  fias^ 
equal  to  twice  g  G.  This  will  serve  for  shewing  the  coOi 
temporaneous  temperament  of  the  tritone,  or  IVtb,  oomsi» 
ed  between  F  and  B,  as  also  of  its  complement,  the  £die 
6lb  in  Plate  V.  fig.  I. 

It  is  evident  that  the  temperament  of  all  the  notes  of.the 
octave,  according  to  the  above  mentioned  system,  is  pro- 
perly represented  in  this  figure.  The  Vth  is  tempered  flsl, 
by  the  quarter  comma  G  ^ ;  the  lid  is  tempered  flat  bf  tbe 
half  comma  D  d;  the  Vlth  is  tempered  sharp  by  a  quarter 
comma  A  a;  the  Hid  is  perfect ;  the  Vllth  is  flat  bjs 
quarter  comma  B  b ;  and  the  4th  is  sharp  by  a  quarter 
comma  G  g. 

402,  Now,  let  any  other  straight  line  C  <'  be  drawn  from 
C  across  these  parallels.  This  will  mark,  by  the  inter?tli 
g'  G,  d*  D.  &c.  the  temperaments  of  another  system  of  meiB 
tones  and  limmas.  For  it  is  evident,  that  the  contcmpois- 
neous  variations  ^g*,  d  d ,  &c.  from  the  former  tempenuaeotf 
are  in  the  just  pro(x>rtion$  to  each  other ;  gg  being=— «ii 
the  variation  prosier  for  the  Vth,  and  tlie  of^xnite  temps* 
rament  for  its  complement  or  4th.    In  like  manner,  aa'  is== 
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^  0,  the  variation  competent  to  the  Vlth ;  and  E  e'  is  =r  4  r, 
Ae  proper  Tariation  for  the  Hid. 

In  like  manner,  b  b'  is  -r  5  v,  the  variation  of  the  Vlltli 
and  9d.  And,  lastly,  (  f  is  the  variation  6  o  of  the  tritone, 
and  its  complement,  the  false  finh. 

For  all  these  reasons,  any  straight  line  C  e'  or  C  t'\  drawn 
flom  C  across  the  parallels,  may  justly  be  called  the  tem- 
tuiBa. 

403.  This  is  a  very  useful  construction  :  For  it  is  plain, 
dmt  the  sounds  which  can  be  placed  in  our  organs  and  harp- 
ridiords,  which  have  only  twelve  keys  for  an  octave,  must 
qiproach  to  a  system  of  mean  tones.  The  division  of  the  oo- 
tiTe  into  twelve  equal  intervals  is  such  a  system  of  mean 
tODea  exactly.  Now,  in  such  systems,  when  a  line  is  drawn 
from  C  across  the  parallels,  we  see,  at  one  glance,  not  only 
ril  the  temperaments  of  the  notes  with  the  key  note,  but  also 
the  temperaments  of  those  concords  which  the  notes  employ* 
ti  in  full  harmony  make  with  each  other.  Thus,  in  the 
hartnony  of  K  «—  III  —  V,  the  III  and  V  make  a  minor  3d 
with  each  other ;  and  in  the  harmony  of  K  —  4  —  VI,  the  4 
and  VI  make  a  major  3d  with  each  other  Now  the  reader 
irill  easily  see,  that  the  first  of  these  concords  has  its  interval 
fioinished  on  both  sides,  when  the  Illd  is  tempered  sharp, 
bnt  only  on  one  side  when  it  is  tempered  flat.   The  mathe- 

itical  reader  will  also  easily  sec,  that  the  contemporane^ 
temperament  A  a'  of  the  Vlth  is  always  equal  to  the 
sum  g'  G  and  E  6%  and  that  A  a'*  is  equal  to  the  difference 
cf  ^  6  and  £  e'\  Therefore  the  temperament  of  this 
friiardinate  concord,  in  the  full  harmony  K  —  III  —  V, 
is^  in  all  cases,  the  same  wiUi  the  contemporaneous  tempera- 
Mntofthe  Vlth. 

In  like  manner,  he  will  perceive  that  the  temperament  of 
Aaanboriinate  Illd,  in  the  harmony  ofK— 4-*  VI,  isequal 
ladle  oontemporaneous  temperament  of  the  III. 

We  also  see,  in  general,  that  the  whole  harmony  is  more 
hnrt  when  the  tempenr  lies  in  the  angle  ECK,  with  the  Hid 
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tempered  sharp,  than  when  it  is  in  the  angle  ACEi  when 
the  III(i  is  flat ;  and  that  the  sum  of  all  the  tempenunents 
of  the  concords  with  the  key  is  the  smallest  when  the  Illds 
are  perfect  This  system  of  mean  tones,  with  perfect  IIId% 
would  therefore  be  the  best,  if  theharmi»y  of  diifereiitooii- 
cords  were  equally  hurt  by  the  same  temperament 

404.  We  do  not  know  any  thing  that  has  been  pufaliihed 
on  the  science  of  music  that  gives  more  general  and  qiecdy 
instruction  than  this  simple  figure.  If  it  be  drawn  of  such 
a  size  as  to  allow  the  comma  EK  to  be  divided  into  a  simi- 
ber  of  equal  parts,  sufficiently  senuble,  all  trouble  of  calco* 
lation  will  be  saved. 

We  would  therefore  propose  to  accompany  this  figiue 
with  proper  scales. 

The^rat  scale  should  have  G  g  divided  into  13t  ptfti. 
Thb  will  express  the  logarithmic  measures  of  the  tempen- 
ments  mentioned  in  §  390,  a  comma  b^g  =  54. 

The  second  scale  should  have  g  G  divided  into  36  paiU 
This  gives  the  beats  made,  in  16  seconds  by  the  notes  c,!*, 
when  tempered  by  any  quantity  G  g . 

The  third  scale  nhould  haveg  G  divided  into  60  pait8,for 
the  beats  made  by  the  notes  c,  e,  or  the  notes  c,  a. 

The  fourth  scale  should  have  g  6  divided  into  72  parts. 
This  gives  the  beats  made  by  the  key  note  C,  with  itsmiiior 
third  e^. 

The  J^/iA  scale  should  have  g  G  divided  into  48  parts,  for 
the  heats  made  by  the  notes  c^f. 

Tht=  sixth  scale  should  have^  G  divided  into  89  partly  od 

which  A  a  is  measured,  to  get  the  beats  of  the  subordinate 

concord  formed  by  g  and  e  in  the  harmony  of  K  —  III— V. 

And  lastli/,  g  G,  divided  into  80  parts,  will  g^ve  the  bests 

made  bv*  /  and  a  in  the  harmony  of  K  —  4  —  VI. 

405.  Wc  are  ignorant  of  the  immediate  efficient  causes  of 
the  pleasure  we  receive  from  certain  consonances,  and  should 
therefore  receive,  wi|h  satisfaction,  any^  thing  that  can  hdp 
us  to  approximate  to  a  measure  of  its  degrees.    We  knov 
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tilat,  in  fact,  the  pleasantness  of  any  individual  concord  in- 
creiuetj  as  the  undulations  called  beats  diminish  in  frequency. 
It  is  probable  that  we  shall  not  deviate  very  far  from  the 
truth,  if  vre  suppose  the  harmoniousness  of  an  individual 
tempered  concord  to  be  proportional  to  the  slowness  of  these 
undulations.  But  it  by  no  means  follows,  that  a  tempered 
Vth  and  Hid  are  equally  pleasant,  eiich  in  its  kind,  when 
ihey  beat  equally  slow.  There  Jsaditferenct  in  kind  in  the 
{Measures  of  these  concords :  and  this  must  arise  from  the 
peculiar  manner  in  which  the  component  pulses  of  each  con- 
cord divide  each  other.  We  are  certain  that  this  is  all  the 
difTt-rence  that  obtains  between  them  in  Nature.  But  the 
harmoniousness  here  spoken  of  is  the  arrangement  which 
produces  this  pleasure.  We  are  entitled  to  say,  that  this  is 
equal  in  two  given  instance^,  when  the  arrangements  are 
precisely  similar ;  and  when  the  things  arranged  are  the  same, 
nothing  seems  to  remain  in  which  the  instances  can  difi'er. 

At  any  rale,  it  is  of  consequence  to  be  able  to  proportion 
and  distribute  these  undulations  at  pleasure.  They  are  un- 
|deasant ;  and  when  reinforced  by  uniting,  must  be  more  s  > 
The  theory  puts  it  in  our  power  to  prevent  this  union  ;  per- 
haps by  making  them  very  unequal ;  or,  if  this  should  give 
a  chance  of  periodical  accumulation,  we  may  find  it  better  to 
make  them  all  equal.  Surely  to  have  all  this  in  our  power 
U  very  desirable ;  and  this  is  obtained  by  the  theory  of  the 

(beats  of  imperfect  consonances. 
■  406.  But  we  are  forgetting  the  process  of  tuning,  and 
pave  only  tuned  three  or  four  notes  of  our  octave.  We 
Bnu«t  tune  the  rest  by  considering  their  relation  to  notes  al- 
ready tuned.  Thus,  ifg-c  makes  36  beats  in  16  second^ 
F  e  should  make  one  third  less,  or  about  24  in  the  same 
time:  because  N  in  the  formula  is  now  160  instead  of  340. 
Proceeding  in  this  way,  we  shall  tune  the  octave  C  c  most 
accurately  as  a  system  of  mean  tones  with  perfect  Illds,  by 
t  over  the 


I 


i  point 


s  put  0 


e  that  is  to  be  tuned  from  the  other,  and  a  +,  or  a— 
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means  that  the  concent  is  to  be  tfMpireJldiwpogiiL  Tka 
g  is  tuned  from  c. 

Hake        eg  beat  —  M  times  in  IS  seeoads 

Gc         +  36 

Gd        —  27^  ue.  ^ths  ofg'  e 

c/         -  48 

c  ^  +  60  timea  in  16  teooiids 

ce  0,  L  e.  a  perfect  llld 

O^  0 

«i*  0 

• 

W/downward  —  24v  i.  e.  fths  of  c  gf 

b^Z^  0,  t.  e.  a  perfect  ocUTe 

7J''c'^downward— 43,  f.  e.  ^ths  of  c^ 

CT  0  an  octave. 

Other  processes  may  be  followed,  and  perhaps  sqbk  tf 
thorn  better  than  the  process  here  proposed.  Thus,  Vai 
et>  may  be  tuned  as  perfect  Illds  to  d  and  g  dowDmiii. 
Also,  as  we  proceed  in  tuning,  we  can  prove  the  nola,lij 
comparing  them  with  other  notes  already  tuned,  &c.  fcclEe. 

We  have  directed  to  tune  the  two  notes  b^  and  c^  by  tit 
ing  tlie  leading  Vth  downwards.  We  should  have  ooaeM 
the  same  pipes  m  the  character  of  otff  and  ifai  in  tlie  pnroi 
of  tuning  upwards  by  Vths.  But  this  would  not  haiv  pn^ 
duced  precisely  the  same  sounds,  although,  in  our  imperfst 
instruments,  one  key  must  serve  for  aM  and  &^.  Bj  touf 
them  as  here  directed,  they  are  better  fitted  for  the  pbn 
in  which  they  will  be  most  frequently  employed  in  oar  Bill 
modulations. 

407.  It  may  reasonably  be  asked.  Why  so  mocfc  iiflc» 
fioed  in  order  to  preserve  the  I  lids  perfect  ?  Were  tfan  i 
lowed  to  retain  some  part  of  the  sharp  tempefasMic  dtf  s 
necessary  for  preserving  the  Vths  pertect. 
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iniproTe  the  harmoar-  And  since  enUr^n^  the  Vdi  makes 
the  tone  greater,  and  therefore  tlto  limma»ti'/a  much  smsUeiv 
it  will  bring  it  nearer  to  the  magnitude  of  a  half  tune;  and 
this  will  be  better  suited  for  its  double  service  of  the  sharp 
of  the  note  below,  and  the  flat  of  tbe  note  above.  According- 
ly, such  a  temperament  is  iii  great  repute,  and  indeed  is  ge- 
nerally practised,  although  the  Vftbs  and  the  subordinate 
chords  of  full  harmony  are  evidently  hurt  by  iL  Even  Dr. 
Smith  rea>mmends  it  as  well  suited  to  our  defective  instru- 
ments,  and  gives  an  extremely  easy  method  of  executing  it 
by  means  of  the  beats.  His  method  is  to  make  the  Vth  and 
[ild  beat  equally  fu^t,  along  with  the  key,  the  Vth  flat,  and 
e  third  sharp.  He  demonstrates  (on  another  occasion ), 
t  concords  beat  equally  fast  with  tbe  same  bass  when  ihcir 
mperaments  are  invi^rscly  as  the  major  terms  of  tlicir  pcr- 
t  ratios.  Therefore  draw  EG,  and  divide  it  in  p,  bo  that 
%p  may  be  to  ;>  G  as  3  to  5.  Then  draw  C  />,  cutting 
',  and  EK  m  e'  ;  and  this  temperer  will  protluce  tbe 
Bperament  we  want.  It  will  be  found,  that  Ee'  and  Gg' 
B  each  of  them  3:^  of  their  respective  scales. 
Tberefore  make  c^  beat  3^  times  in  16  seconds 
Gc         32 


Gd 

U 

G» 

24, 

and  txmebl 

di 

36, 

and  tunc  a  a 

df* 

36 

Be 

27 

aen 

.  27 

tT 

40! 

,  proving  b  % 

'S» 

40f 

Fe 

21; 

,  and  tnneF/ 

Po 

21 ; 

,  proving  a 

J./ 

28;. 

,  and  tune  i>  V 
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It  may  be  proper  to  add  to  alltheieiaiituwiiuiwacantion 
'about  the  manner  of  counting  the  dock  while  the  tmier  b 
counting  the  beats.  If  this  is  to  continue  fiir  16  seodods, 
let  the  person  who  counts  the  clock  saj  one  at  the  beat  he 
begins  with,  and  then  telling  them  over  lo  kauetf^  let  Um 
say  doiu  instead  of  17.  Thus  16  intermls  mil  clapie  wUk 
the  tuner  is  counting  the  lieats.  Were  he  to  begin  to eooM 
at  oRf ,  and  stop  when  he  hears  uxteeiv  be  would  get  ibe 
number  of  beats  in  15  seconds  only. 

408.  We  do  not  hesitate  to  say,  that  this  method  of  to- 
ning by  beats  is  incomparably  more  exact  than  by  the  mere 
judgment  of  the  ear.  We  cannot  mistake  more  than  one 
beat.  This  mistake  in  the  concord  of  the  Vth  amounts  to 
no  more  than  i ' ;  th  of  a  comma ;  and  in  the  Hid  it  is  oolj 

409.  It  may  be  objected  that  it  i«  fit  only  for  the  orgin 
and  instruments  of  continued  :iounds,  but  will  not  dofivihe 
quickly  perishing  sounds  of  the  harp«chord.  True,  it  is  the 
only  method  worthy  ofthat  noble  instrument,  and  thisakne 
is  a  title  to  high  regard.  But  farther ;  the  accuracy  attiiiH 
able  bv  it,  renders  it  the  oniv  method  fit  for  the  examiniF 
tion  of  systems  of  temp>erament.  Even  for  the  harpachoid 
it  is  much  more  exact,  and  more  certain  in  its  process,  thu 
any  other.  It  docs  not  proceed,  by  a  random  trial  of  a  flat- 
tened series  of  Vihs,  and  a  com{)arison  with  the  resulting 
I  lid,  and  a  second  trial,  if  the  first  be  unsatisfactory.  It 
says  at  once,  let  the  Nth  beat  so  many  times  in  16  seconds. 
Kven  in  the  second  method,  without  counting,  and  merdy 
by  tlie  equality  of  the  beats  oft*  the  Vth  and  Hid,  the  pro> 
gressis  easy  Both  arc  tuned  perfect  The  Vth  is  then 
flattened  a  little,  and  the  Hid  sharpened ; — if  the  Vth  beat 
faster  than  the  11  Id,  alter  it  first. 

AU  difficulty  is  obnatcd  by  the  simple  contrivance  of  a 
variable  pendulum,  already  described.  This  may  be  made 
exact  by  ^ny  person  that  will  take  a  Uttle  pains ;  and  when 
once  made,  wUl  bcrve  for  every  trial.     When  the  ball  is  set 
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td  Ibe  proper  number,  tiDd  the  pendulum  set  a  swinging, 
we  caD  come  very  near  tlie  truth  by  a  very  few  trials. 

A'.  B.  In  tuninjj  a  piano  forte,  which  has  always  two  strings 
lo  a  key,  we  must  never  attempt  tuning  them  both  at  once  ; 
the  batk  miison  uC  both  notes  of  the  concord  must  be  daoip- 
«1,  by  nicking  in  a  bit  of  soft  paper  behind  it, 

Wo  hope  that  the  instructions  now  given,  and  the  appli- 
cation of  them  lo  two  very  respectable  systems  of  tempera- 
ment, are  sufficicni  for  enabhng  the  attentive  reader  to  put 
this  method  of  tuning  successfully  in  practice,  and  that  he 
perceives  the  efficiency  of  it  for  attaining  the  desired  end. 
Uut  before  we  take  leave  of  it,  we  beg  leave  to  mention  an- 
other circumstance,  which  evinces  the  just  value  of  the  ge- 
neral theory  of  ihe  beats  of  imperfect  consonances  as  deliver- 
ed by  Di-.  Smith. 

410.  Tiiese  reinforcements  of  sound,  which  are  called  heal- 

ing$,  are  noi.ses.      If  any  noise  whatever  be  repeated,  with 

wlficient  frecjuencv,  at  equal  intervals,  it  becomes  a  musical 

note,  of  a  certain  detentiinale  pitch.       If  it  recur  60  tiiuts 

in  a  S4'Cond,  it  becomes  the  note  C  fa  ui.  or  the  double  o&- 

kve  below  the  middle  C  of  our  hurpsicliords,  or  the  note  of 

i  open  pipe  eight  feet  long.      Now  there  is  a  similar  (we 

lay  call  it  the  very  same)  reinforcement  of  sound  in  every 

pDDCord.     Where  the  pulse  of  one  sound  of  the  concord  bi- 

S  the  pulse  of  the  other,  the  two  sounds  are  more  uni- 

inly  spread:  but  where  they  coincide, or  almost  coincidf, 

e  condensation  of  one  undulation  combines  with  that  of 

e  other,  and  there  comes  on  the  ear  a  stronger  cundensa- 

I,  and  a  louder  sound.    This  may  be  culled  a  noitt ;  and 

e  equable  and  frequent  recurrence  of  this  noise  should  pro- 

t  a  musical  note.     If,  fur  instance,  c  and  a  are  sounded 

retlier :  There  is  this  noise  at  every  third  putse  of  c,  and 

every  filth  pulse  of  a;  that  is,  80  limes  tn  a  st'cond.     This 

should  produce  a  note  which  is  a  ISih  below  r,  and  a  17th 

—jaajor  below  a  ;  that  is,  the  double  octave  belov/,  which 

ikea  320  vibrations  in  a  second.      That  is  to  sav,  alonic 
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with  the  two  notes  c  and  a  of  the  ooooord^  and  the  eompoand 
sound,  which  we  call  the  amcordofike  Vllk^  we  should  hcv 
a  third  note  FF  in  the  bass.     Now  this  is  known  to  be  s 
fact,  and  it  is  the  grave  harmonic  ohsenred  faj  Bomiea  aid 
Tartini  about  the  year  1754,  and  verified  by  all  muiiciiii 
since  that  time.      Tartini  prized  this  obsemuion  as  a  moit 
important  discovery,  and  conndered  it  as  affiMrding  a  fiwD- 
dation  for  the  whole  science  of  mu«c.     We  see  that  it  is  ill 
included  in  the  theory  of  beats  published  five  yean  bsfin^ 
namely,  in  1749;  and  every  one  of  these  grave  harmonia^ 
or  Tartinian  sounds,  as  they  have  been  called,  are  imoiS' 
diate  consequences  of  this  theory.      The  system  of  (mt- 
monious  composition  which  Tartini  has,  with  waoderfulls« 
bour  and  address,  founded  oo  it,  has  therefore  no  solidit]r. 
It  is,  however,  preferable  to  Rameau%  because  it  praoeds 
on  a  fact  founded  on  the  nature  of  muucal  sounds;  whenn 
Rameau's  is  a  mere  whim,  proceeding  on  a  fidae  atsusip 
tion ;  namely,  *<  that  a  muucal  sound  is  easentidlly  aceo» 
pamed  by  its  octave,  12tfa,  and  17th  ni  o&o."     Thb  issot 
true,  though  such  accompaniment  be  very  frequent*  aad  it 
be  very  diflficult  to  prevent  it.     Mr.  Rameau  ought  to  lisie 
seen  this.   Are  these  acute  harmonics  musical  sounds  or  notf 
He  surely  will  not  deny  this.     Therefore  they,  too»  aiea- 
sentially  accompanied  by  their  harmonics,  and  this  absoluls- 
ly  and  necessarily  ad  wfimiMm  ;  which  is  certainly  abaaid. 
We  shall  have  a  better  occasion  for  considering  this  fiak 
when  we  describe  the  Trumpet  MarigmL 

41 1.  We  have  taken  notice  of  only  two  systems  of  tcfy- 
rament ;  both  of  them  are  svstems  of  mean  tones,  and  mt 
in  good  repute  as  practicable  methods.  It  would  be  abioit 
an  endless  task  to  mention  ail  the  systems^  of  tempefanest 
which  have  been  pniposed.  Dr.  Smith,  after  havings  with 
great  ingenuity*  apprecdated  the  changes  of  harmoniouwifM 
that  are  induced  on  the  diiTerent  concords  by  die  same  ten* 
perament,  and  having  assigned  tiiat  proportion  of  tempm- 
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VWBt  which  FCTKlers  them  equaily  harmonious,  ead)  in  it« 
kind,  gwvn  a  system  at'  temperament  which  he  colls  KtiiTAt. 
HARUONY.    Each  concord,  (cxoeptinj;  the  oclBTe)  is  temper- 
ed io  the  inverse  proportion  of  (he  product  ol'  the  terms  of 
tl»  perfect  rntia     It  is  very  nearly  equivalent  to  a  division 
ufthc  octave  into  50  equal  parts.      We  do  not  give  any  far- 
ther afcutinl  ofjt  here,  although  we  think  its  harmony  pre- 
l«raUe  In  any  ihing  that  we  have  ever  heard.    Vte  heard  it, 
ft  ekoculed  for  tiioi,  and  under  his  inspectitm,  by  the  celo- 
1  harpxichord- maker  Kirkmann,  both  when  the  inetm- 
t  WBN  yet  in  tlie  haiicLs  of  the  maker,  and  afterwards  by 
e  ingenious  autbur.     We  have  also  heard  some  excellent 
usicians  declare,  that  the  orf;an  of  Trinity  college  chapel 
nabrtdge  was  f^rcatly  improved  in  its  harmony  by  the 
iBDge  made  on  its  temperament  under  the  inspection  of 
Dilh.     When  wc  name  Stanley,  we  presume  that  the 
lority  will  not  be  dispitted.     We  mention  this,  because 
e  writer  in  ihe  Philasophical  Transactions  speaks  of  thi« 
,  with  flattened  major  thirds,  as  of  no  value.      Btrt 
pdo  not  give  any  farther  account  of  it,  because  it  is  not 
r  instruDiL'Hts,  which  have  but  twelve  sounds  in 
R  octave. 

418.  The  reader  will  please  to  recollect,  that  (he  great  ob- 
I  of  temperament  is  Iwofold.  First,  to  enable  un  to  trans- 
e  nnsic  from  one  pitch  to  another,  so  that  wo  may  make 
e  of  the  orean  the  fundamental  of  the  piece.     Thwi 
idaubledly  requires  a  system  approaching  to  one  of  mean 
I,  because  the  harmony  must  be  ihe  same  in  every  key. 
lua  requires  temperament,  because  n  sound  must  be  oe<^- 
ally  considered,  either  as  the  sharp  of  the  noie  below  it, 
pike  flat  of  the  one  above.     This  cannot  produce  perfect 
noBv,  because  the  limma  of  the  perfect  diatonic  scale  is 
gresUcT  than  a  half  tone.     Thus  a  temperament  is  necessary 
nerclr  for  the  sake  of  the  melody.    But,  secondli/,  the  nature 
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fact,  the  same  thing  with  modulating  on  etoy  Afcnnt  note 
as  a  fundamental ;  but  it  requires  a  mudi  doser  attoidoa 
to  the  perfection  of  the  intervals,  because  a  defect  or  aeai 
in  an  interval  that  would  scarcely  offend  the  ear,  if  the  noln 
were  heard  in  succession,  is  quite  intolerable  when  tbcjCR 
sounded  together.  Here  the  difference  between  the  mgor 
and  minor  tone  is  of  almost  as  great  mom^pt  at  the  diftr. 
ence  of  the  limma  from  a  semitone.  The  second  olgeet,  dnfr 
fore,  is  to  obtain,  in  the  compass  of  three  octavcti  as  wmj 
good  concords  of  full  harmony ;  that  is,  consistingof  afi» 
damental  with  its  major  third  and  itsfifUi,  erect  orinfcite^ 
as  possible.  There  is  no  other  harmony,  although  ooTDOleB 
have  frequently  a  different  situation  and  appeanooe. 

413.  It  is  no  wonder  that,  in  a  subject  where  we  are  yet 
to  seek  for  a  principle,  the  attempts  to  attain  this  object  hare 
been  very  various,  and  very  gratuitous.  The  mathwiwli. 
cians,  even  in  modem  times,  have  allowed  themsehrestofae 
led  away  by  fancies  about  the  simplicity  and  consequentps* 
fection  of  ratios ;  and  having  no  clear  principle,  it  is  no  ma' 
der  that  some  of  their  deductions  are  contrary  toexpericDK 
According  to  Euler,  those  ratios  which  are  most  perfect, 
that  is,  most  simple,  admit  of  least  temperament.  Tbeoc* 
tave  is  therefore  infinitely  perfect ;  for  it  is  allowed  bj  all, 
that  it  must  not  have  the  smallest  temperament  A  Tth 
must  be  less  tempered  than  allld.  Even  the  practical  nm- 
sician  thinks  that  he  has  tempered  these  two  concords  cqml- 
ly,  when  the  offensive  quality  of  each  is  made  equally  lo; 
but  in  this  case  it  is  demonstrable,  that  the  Vth  has  ben 
much  more  tempered  than  the  Illd.  But  this  could  not  be 
discovered  till  we  got  the  theory  of  beats. 

Most  of  the  mathematical  musicians  adhered  to  sptam 
of  mean  tones ;  or,  which  are  equivalent  to  such  sptatB^ 
gving  similar  harmonies  on  every  key  of  the  harpsichoid 
This  is  surely  the  most  natural,  and  is  peculiarly  suggot- 
ed  by  the  transposing  of  music  from  one  pitch  to  anotixr: 
but  they  differ  exceedingly,  and  ^vithout  giving  any  cooriBi 
cing  arguments  in  their  estimation  of  the  effects  of  the  ooe 
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^kipcrament  on  diflercnt  concunls.  Much  of  tlils,  we  ap- 
^■ehcnii,  arises  iVom  diBposilion.  Persons  of  a  gay  disposi* 
^Mn  relish  the  harmony  of  the  Uld,  and  prefer  a  sharp  to  « 
^bt  temperament  of  this  concord.  Persons  of  a  more  pen- 
^bc  disposition,  prefer  such  temjieranieiits  as  allow  the  mU 
^Kbr  thirds  to  be  more  perfect. 

Eb  41 4.  But  there  are  many,  eminent  both  as  performers  and 
bt  theorists,  who  reject  any  system  which  gives  the  same 
Hkvmonies  on  every  note  of  the  octave.  They  observe,  that 
^■blhe  progress  of  the  cultivation  of  music  in  Europe,  the 
^Btludiea  of  all  nations  have  gradually  approached  to  a  cer- 
Hbd  uniformity.  Certain  cadences,  closes,  strains,  ajid 
rjphrases,  are  becoming  every  day  more  common  ;  and  even 
un  the  conduct  of  a  considerable  piece  of  music,  and  thegra- 
^kal  but  slow  passage  of  the  modulation  from  one  key  ints 
^Bother,  there  is  a  certain  regularity.  Nay,  they  add,  that 
^Bpa  cannot  be  greatly  deviated  from  without  becoming  very 
^^■eosive.  ^Ve  may  remain  ignorant  of  the  cause  of  this  unt- 
^Hncity  i  but  its  existence  bt  ems  to  prove  that  it  arises  from 
^Bme  natural  principle  i  and  therefore  it  ought  to  be  compli- 
^H  with,  and  our  temperaments  should  be  accommodated  to 
^Hb  The  rceult  of  this  uniformity  in  the  mu»ic  of  our  times 
^■^  that  the  modulation  on  some  ki-ys  is  much  less  frequent 
HVhh  on  others,  and  this  frequency  decreases  in  a  certain  or- 
■  der.  Snppoiting  that  we  begin  un  C  A  piece  of  plain 
MRUuc  seldom  goes  farther  than  G  and  F.  A  little  more 
Llfakcy  and  refinement  leads  the  composer  into  I),  or  into  B*, 
nfte.  &c.  It  would  therefore  be  desirable  to  adjust  our  tctu- 
V^ennwDls  bo,  that  tho  harmonies  in  C  shall  be  the  best  possi* 
liUei  and  gradually  less  perfect  in  the  order  of  modulation. 
Kffhus  we  shall,  in  our  general  practice,  have  finer  harmoay 
K|ban  if  it  were  made  equal  throughout  the  octave  ;  because 
B  Ae  unavoidable  imperfections  are  thrown  into  the  least  fre- 
KfUented  places  of  the  scale.  The  practical  musicians  add 
His  this,  that  by  such  a  temperament  the  different  keys  ac- 
^Ehuk  chanicters,  which  tit  each  of  ihem  more  particularly 
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for  the  expression  of  different  sentimciitBy  and  lor  acittif 
different  emotions.  This  is  Tcry  pereeptible  in  our  harp^ 
diords  ms  they  are  generally  tuned.  The  mqar  key  of  A 
is  remarkably  brilliant ;  that  of  F  is  as  raomkaUy  ■■pi^ 

We  cannot  say  that  we  are  altiythcr  cuufiaorf  by  Am 
arguments.  The  violin  is  unqueationdbiy  the  iiiaimitin 
of  the  greatest  powers.  A  oonoert  of  infltnmMiilB  of  lUi 
kind,  unembarrassed  by  the  barpnchoid,  or  any  BMn^ 
ments  incapable  of  occasional  tcmperameiiC,  m  the  tatA 
muric  we  have.  The  pertbrmers  make  no  such  dfgffa 
tions  of  harmony,  but  keep  it  as  perfect  as  posafafe  tknii^k 
out ;  and  a  violin  performer  is  sensible  of  ▼inliBn  ef  coiw 
straint  when  he  accompanies  a  keyed  instrunMflt  into  thnt 
unfrequenced  paths.  Let  him  play  the  same  nunc  akaw^ 
and  lie  will  play  it  quite  differently,  and  much  nore  to  his 
own  satisftction.  We  imogine,  too,  that  nnich  of  the  fm^ 
formity  spoken  of  is  the  result  of  imitation  and  ftshion,  aad 
even  of  the  temperaments  that  we  have  preferred.  Tboc 
is  an  evident  distinction  in  the  native  music  of  difereot  ns* 
tions.  An  experienced  musician  will  know,  from  a  few  laf% 
whether  an  air  is  Irish,  Scotch,  or  Polish.  This  distinctioD 
is  in  the  moiiulntion  ,  which,  in  those  nations,  follows  differ- 
ent courses,  and  should  therefore,  on  the  same  piindple^ 
lead  to  different  temperiiments. 

With  respect  to  the  variety  of  characters  given  to  the  di& 
ferent  keys,  ue  must  acknowledge  the  fact.  We  have  tm- 
cd  a  piano  forte  in  the  usual  manner ;  but  instead  of  bcgis- 
nin^  the  prcKiess  with  C,  we  began  it  with  D.  An  exoeUort 
performer  of  voluntaries  »at  down  to  the  instrument,  asd 
began  to  indulge  his  rich  fancy ;  but  he  was  confounded  st 
every  step:  he  thought  the  instrument  quite  out  of  tune. 
But  when  he  was  intbmicd  how  it  had  been  tuned,  and  thm 
tried  a  known  plain  air  on  it,  he  declared  it  to  be  perftctlj 
in  tune.  It  is  still  very  doubtful,  however,  whether  nc 
should  not  have  much  finer  music,  by  eqtudisiiup  the  fair- 
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ttis  dHTerent  keys,  and  trustin;;  for  t\^e  dilTerFnt  es- 
so  much  spoken  of  to  a  juiiiciuus  mixturtr  <if  i.ilicr 
k'd  diaeords. 

lifter  nil,  tbrfjTcat  tinoertaiitty  about  the  tn>rit  pro- 
eramcnt  has  n^maint^d  so  lon|r  uDde[t'ruiiiii.-(l,  }te- 
t  lutd  no  method  of  exetuiini;  with  terLaiiitv  any 
nent  that  was  ctfered  to  llti-  fiahlic.  Wbni  sigM- 
t  what  principle  it  inav  lie  proper  to  flattt^  a  Vth 

of  a  comma,  and  sharpen  a  Vlth  one-seventh  of 
I,  unites  we  are  able  to  dn  both  the  one  and  the 
fill  Dr.  Smith  puhhshed  the  theory  of  beats,  the 
rd  was  the  i)nly  assistance  we  hiid :  hut  hQwercr 

may  be  divided,  it  is  scarcely  posMble  to  make  the 
9  bridge  so  steady  and  so  accurate  in  its  motion, 
■ill  not  eensiblj  deranjfB  the  tension  of  the  string. 
t  wen  some  very  nice  and  costly  monochords;  but 
if  them  en  u  Id  be  de|)unded  on  toonc-eighlofaconi- 
tea  if  perfect,  they  gave  but  momculary  sounds  by 
'.     The  bow  cannot  be  trusted,  becauw  its  }n'essiire 

the  tension.  Mr.  Whh's  e\j»rinienifl  with  liis 
Itl  of  continued  sound  theived  thiH  evidently,  A 
le  with  a  eliding  piston  promi^s  the  grealcGt  accu- 
It  we  are  sadlv  disappointed,  because  the  graduation 
Hston  cannot  be  pcrformL-d  by  any  matheinaiical 
t  must  be  pushed  more  Ihno  hnlf  way  down  to  pro- 
1  octave,  more  than  one-third  to  produce  the  Vth, 
this  without  any  rule  yet  discovered.  Thanks  to 
lit  we  can  no»  produce  an  instrument  tnned  exactly, 
I  to  any  pru{)o^  system,  and  tiien  submit  it  to  the 
Bination  of  musicians.  Even  the  s}K'Cid3tist  majr 
h  a  pretty  just  opinion  of  the  merits  of  a  system,  hf 
Bg.  or  measuring^iy  such  scales  as  we  have  ]«opo8- 
cats produced  by  the  tempered  concords  in  all  parta 
Rave.  No  one  who  has  liaiened  with  attention  to 
bg  beats  of  a  full  organ,  with  its  twelfth  end  sesqui- 
ps  lU  sounding,  will  deny  that  they  arc  hostile  l« 
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(ill  liarmony  or  good  music.  We  cannot  be  inudimiitdui 
in  preferring  any  temperament  in  proportioo  as  it  £mimik 
es  the  numbcT  of  those  beats  We  should  therefore  esttne 
them  on  this  principle  alone ;  attendinfr  more  panienlirij 
to  the  heats  of  the  third  major,  because  these  are  in  fiitt 
the  loudest  and  most  disagreeable ;  and  we  must  not «» 
tent  ourselves  witli  the  beats  of  each  oonoord  with  the  h^ 
damei.tal  of  the  full  harmony,  whether  K— III— V|flrl 
—4— VI,  or  K — 3 — V,  or  K  4  6,  whidi  soomUhki^ 
curs.  We  must  attend  equally  to  the  beats  of  the  tvoirta 
of  accompaniment  with  each  other :  these  are  geoenlljr  ik 
most  faulty. 

416.  This  examination  is  neither  difficult  norlBdioQL  ]. 
Write  down,  in  one  column,  the  lengrths  of  the  stnyordiri- 
sionsof  the  monochord.  2.  In  another  write  their kpnthm; 
in  a  third  the  remainders,  after  subtracting  each  ham  tk 
logarithm  of  the  fuuda'mental.  3.  UaTe  at  hand  a 
table  for  the  perfect  diatonic  scale.  4.  Ccxapare  thoe, 
bv  one,  and  note  the  difference,  +  or  -^,  in  a  4di 
Those  are  the  temperaments  of  each  note  of  thesoie.  i 
rom^mre  every  couple  of  notes  which  will  ooicposr  i  idptf 
#r  minor  thini,  or  a  fifth,  by  subtracting  the  \c>SBTjmd 
tlic  one  note  from  that  of  the  other.  The  direpvrsr  m 
the  intervals  tempered.  6.  Compare  these  wixii  d»  neaa 
inTor\al$  of  tlu?  diatonic  scale,  and  note  the  di^^rcmB.  -*« 
— .  and  M*"!  thorn  down  in  a  fifth  coiumn.  Tieat  wti 
the  tom^x^ramonts  in  the  sy>t^m.  7.  Ii  w  hn«  aac^ 
(^arilhm&  conMsting  of  five  decimal  xt'i 
moro  than  sutficicnt.  consider  these  sui 
as  the  ^  of  the  formula  given  in  $  39^ 
heat^  and  then  p  is  alwavs  =  544^1.  Or  m^  mcr 
thcr  column,  in  vhich  the  tempentocoii' ax 
easy  iraciion  oi*  a  cviiisia. 

4 1 7.  We  shall  txtDieni  nurscli-es  ^i  r-^mc 
thetempcnuxKDt  pxx^posted  bj  Air.  Yooif  je 
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Transactions  for  1800.     It  is  contained  in  the  following 
t«ble: 


I. 
C 
D 

Eb 

E 
F 


I 

A 
B 
B 
C 


n 


2. 

loooeo 

94T8a 
89304 
85810 
79752 
74921 
71041 
66828 
68148 
59676 
561 81 
53224 
50000 


8. 

5.00000 
4.97645 
4.95087 
4.92880 
4.90174 
4.87461 
4.85151 
4.82492 
4.80036 
4.77580 
4;74921 
4.72610 
4.69897 


4. 


2S55 

4913 

7670 

9826 

12539 

14849 

17508 

19964 

22420 

25079 
27390 
30103 


5. 

lllds  upward  on 

C  1351 

G.   F  If^O 

D.  Bb  245 
A.  Eb  346 

E.  Ab  448 

n.  en       494 

Fn  540 

3ds  upward  on 


A.  E. 

236] 

D.  B. 

291 

G.  F« 

346 

C.  C«t 

418 

F.  CM 

494 

Bb  Eb 

540 

Vths  upward  on 
Eb.  G».  Cj^  F«        perfect  1 
F.    Bb.   E.    B  .46}^  Flat. 

C.     G.    D.    A  116  J 


Interval  of  a  comma 

minor  third 
major  third 
fifth 


540 

791 8 

9691 

17609 


^lie  first  column  of  tlie  above  table  contains  the  ordinary 
itions  of  the  notes.     The  second  contains  the  corres- 

Jing  lengths  of  the  monochord.     Tiie  third  contains  the 

^^^Surithms  of  column  second.     The  fourth  contains  the  dif- 

^»eiice  of  each  logarithm  from  the  first.     The  next  column 

^^^taina,  first,  the  temperaments  of  ail  the  major  thirds, 

*^\iDg  for  tlieir  lowest  note  the  sound  corresponding  to  the 

1  494 

^^tter.     Thus  494,  or  ^^  of  a  comma,  is  tlic  temperament 

^  the  Illd,  B  —  Dte,  and  Cn--  F.  Secondly,  it  contains 
^  the  minor  thirds  formed  on  the  notes  represented  by  the 
^^ttefB.     The  column  below  contains  the  temperaments  of 

TOL    IV.  9  F 
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the  Vths.  iV.  B.  These  teiuperainents  ase  cakulaled  bj  ^ 
author.  We  have  found  some  of  them  a  little  diffeKCB^ 
Thus  we  make  the  temperament  of  C  —  G  only  108.  ^ 
low  this  we  have  set  down  the  measures  of  the  perfect  in^' 
vals,  which  are  to  be  compared  with  the  differences  €£  ^ 
logarithms  in  column  third. 

418.  We  presume  not  to  decide  on  the  merits  <tf  this  t^^ 
perament :  Only  we  think  that  the  temperaments  of  se^"^ 
thirds,  which  occur  very  frequently,  are  much  t<x>  gr^^^* 
and  many  instances  of  the  6th,  which  is  frequent  in      ^ 
flat  key,  are  still  nxyre  strongly  tempered.     A  tempem^^sent 
however,  which  very  nearly  coincides  with  Dr.  Young^s^     ^ 
great  reputation  on  the  continent.     This  is  the  terop^^ra- 
ment  by  Mr.  Kirnbergher,  published  at  Berlin  in  177  L  9  ^^ 
his  book  called  Die  Kunst  des  rtinen  SatztM  tii  der  Mw^sOc. 
The  eminent  mathematician  Major  Templehoff  has  voa3^ 
some  important  observations  on  this  temperament,  and  ^^ 
the  subject  in  general,  in  an  essay  published  in  1775, 
lin.     Dr.  Young's  is  certainly  preferable. 

The  monochord  is  thus  divided  by  Kirnbergher : 


c  = 

1,0000  > 

F  = 

7500 

Bb 

=  5625 

c« 

9492 

F* 

7U1 

B 

5313 

D 

8889 

G 

6667 

c 

5000 

Eb 

8437 

G« 

6328 

£ 

8000 

A 

5963 

We  conclude  this  article  (perhaps  too  long)  by  earnestly 
recommending  to  persons  who  are  not  mathcmaticaUy  dis- 
posed, the  sliding  scale?,  either  circular  or  rectilineal,  con- 
taining the  octave  divided  into  301  parts;  and  a  drawing 
of  Plate  VI.  fig.  3.  on  card  paper,  of  proper  size,  having  the 
quarter-oomma  about  two  inches,  and  a  series  of  scales  cor- 
responding to  it.  This  will  save  almost  the  whole  of  the 
calculation  that  is  required  for  calculating  the  beats,  and  for 
examining  temperaments  by  this  test.  To  readers  of  more 
information,  we  earnestly  recommend  a  careful  perusal  of 
Smith's  Harmonics,  second  edition.     We  acknowledge  a 
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iality  for  this  work,  having  got  more  information 
an  from  all  our  patient  study  of  the  most  celebrat- 
p  of  Ptolemy,  Huyghens,  Euler,  &c.  It  is  our 
to  say,  tliat  we  have  got  more  information  con- 
le  music  of  the  Greeks  from  Dr.  Waliis^s  appen- 
edition  of  Porphyrius^s  Commentary  on  Ptolemy's 
9,  than  from  any  other  work. 
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TRUMPET. 


Some  Greek  historians  ascribe  the  invention  of  the  trumpet 
to  the  Tyrrhenians ;  but  others,  with  greater  probability,  to 
the  Egyptians ;  from  whom  it  might  have  been  transmitted 
to  the  Israelites.      The  trumpet  was  not  in  use  among  the 
Greeks  at  the  time  of  the  Trojan  war ;  though  it  was  in  com- 
mon use  in  the  time  of  Homer.  According  to  Potter  (Ardu 
Grac.  vol.  ii.  cap.  9.),  before  the  invention  o£  trumpets,  the 
first  signals  of  battle  in  primitive  wars  were  lighted  torches; 
to  these  succeeded  shells  of  fishes,  which  were  sounded  hke 
trumpets.    And  when  the  trumpet  became  common  in  mili- 
tary use,  it  may  well  be  imagined  to  have  ser\'ed  at  first  on- 
ly as  a  rough  and  noisy  signal  of  battle,  like  that  at  present 
in  Abyssinia  and  New  Zealand,  and  perhaps  with  only  one 
sound.     But,  even  when  more  notes  were  produced  from  it, 
so  noisy  an  instrument  must  have  been  an  unfit  acoompaoi- 
ment  for  the  voice  and  poetry ;  so  that  it  is  probable  the 
trumpet  was  the  first  solo  instrument  in  use  among  the  an- 
cients. 
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The  ArUculate  Trctitpet,  comprehending  both  the  sptak^ 
and  the  hearing  trumpet,  is  by  much  the  most  valuable 
ixxstniment,  and  has,  in  one  of  its  forms,  been  used  by  people 
«i.V3iong  whom  we  should  hardly  have  expected  to  find  such 
ixiaprovements. 

That  the  speaking  trumpet^  of  which  the  object  is  to  in- 
^^sr^ease  the  force  of  articulate  sounds,  should  have  been  known 
*<  OS  the  ancient  Greeks,  can  excite  no  wonder ;  and  therefore 
«  easily  admit  the  accounts  which  we  read  of  the  horn  or 
""umpet)  with  which  Alexander  addressed  his  army,  as  well 
of  the  whispering  caverns  of  the  Syracusan  tyrant.  But 
it  the  natives  of  Peru  were  acquainted  with  this  instru- 
wiU  probably  surprise  many  of  our  readers.  The  fact 
^)wcvcr  seems  incontrovertible. 
In  the  History  of  the  Order  of  Jesuits,  published  at 
aplea  in  1601  by  Beritaria,  it  is  said,  that  in  the  year  1595, 
small  convent  of  that  order  in  Peru,  situated  in  a  remote 
was  in  danger  of  immediate  destruction  by  famine. 
evemng  the  superior  Father  Samaniac,  implored  the 
Ip  of  the  cacique ;  next  morning,  on  opening  the  gate  of 
lie  monastery,  he  found  it  surrounded  by  a  number  of 
,  each  of  whom  carried  a  small  basket  of  provisions. 
e  returned  thanks  to  Heaven  for  having  miraculously  in« 
,  by  inspiring  the  good  people  with  pity  for  the  dis- 
of  his  inars.  But  when  he  expressed  to  them  his  won- 
how  they  came  all  to  be  moved  as  if  by  mutual  agree- 
with  these  benevolent  sentiments,  they  told  him  it  was 
such  thing ;  that  they  looked  on  him  and  his  country- 
a  pack  of  infernal  magicians,  who  by  their  sorce- 
had  enslaved  the  country,  and  had  bewitched  their  good 
lie,  who  hitherto  had  treated  them  with  kindness  and 
'^attmtioD,  as  became  a  true  worshipper  of  the  sun  ;  but  that 
^he  preceding  evening  at  sunset,  he  had  ordered  the  inhabi* 
"^nts  of  such  and  such  villages,  about  six  miles  off,  to  come 
*^t  morning  with  provisions  to  this  nest  of  wizzards. 
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The  uipehor  uked  tbem  in  what  moaner  tin 
lud  muned  to  many  of  them  in  so  short  s  time, 
dHUnce  from  hb  own  reatdence  'f  The;  toM  him  that  il 
by  the  trumpet :  and  that  every  person  heard  at 
door  the  distinct  terms  of  the  order.  The  fsther  had 
nothing ;  but  diey  told  him  that  Done  hcanl  the  tni^et 
but  the  inhabitams  of  vtlhigcs  to  which  it  was  directed.  Ilia 
is  a  piece  of  very  curious  information  ;  but,  ^ter  allon^ 
a  good  deal  to  the  exaggeration  of  the  reverend  Jesini^tl 
cannot,  we  think,  be  doubted,  but  that  the  IVruTMU  to 
tually  possessed  ihis  Btentorophonic  art.  For  we  mi^cl^ 
serve  that  the  efii'ct  described  in  this  narration  raemVItt 
what  we  now  know  to  be  the  effects  of  speaking  inmipeli, 
while  it  is  unlike  what  ilie  inventor  of  such  s  tale  »ouU  ua- 
turally  and  ignorantty  say.  Till  speaking  trurapels  were 
really  known,  we  should  exjicct  the  sound  to  be  equiUj 
diffused  on  all  sides,  which  is  not  the  case ;  for  ii  u  muclt 
stronger  in  the  liuc  of  the  trumpet  than  in  any  direcuou 
very  oblique  to  it 

About  the  middle  of  the  last  century,  Athana&ius  KoAct 
turned  his  attention  to  the  philosophy  of  sound,  and  la  i& 
ferent  works  threw  out  many  UBeful  and  scientific  hinlioit 
the  construction  of  speaking  trumpets,  but  his  DUUiwoi- 
tica]  illustrations  were  so  vague,  and  his  own  chantderrfia- 
attention  and  credulity  so  notonous,  that  for  some  limetbw 
mrka  did  not  attract  the  notice  to  which  they  were  netl  en- 
titled. 

About  tbe  year  I6T0  E^r  Samuel  Morland,  a  gendaiiiu 
of  grtat  ingenuiiy,  science,  and  order,  took  up  the  uibjm, 
aad  pniposcd  as  a  qtMstioo  to  the  Royal  Society  of  Loodoo. 
WW  ia  the  beat  form  fix-  a  speaking  trumpet  ?  which  be 
■Bid  ■  ateMofphowc  born.  He  accompanied  his  demiad 
t  of  bis  own  notioDS  on  the  subject  (whicti 
d  to  be  TCty  f*gae  and  conjectural),  mi  id 
a  «f  aoae  iMtnimtlH  oomtructed  according  u>  hi> 
TWy  woe  in  pnera)  ytrj  large  conical  tubes,  sud- 
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^^y  8p*«^ing  at  the  very  mouth  to  a  greater  width.  Their 
was  really  wonderful.  They  were  tried  in  St.  Jameses 
;  and  his  Majesty  K.  Charles  II.  speaking  in  hisordi- 
ooUoquial  pitch  of  voice  through  a  trumpet  only  5 
Jong,  was  clearly  and  most  distinctly  heard  at  the  dis* 
of  a  thousand  yards.     Another  person,  selected  we 
vppose  for  the  loudness  and  distinctness  of  his  voice,  was 
understood  at  the  distance  of  four  miles  and  a  half, 
fame  of  this  soon  spread ;  Sir  Samuel  Morland^s  prin- 
iplea.  were  refined,  considering  the  novelty  of  the  thing,  and 
considerably  from  Father  Kircher^s.  The  aerial  undu- 
(fbr  he  speaks  very  accurately  concerning  the  nature 
aound)  endeavour  to  diffuse  themselves  in  spheres,  but 
■topped  by  the  tube,  and  therefore  redundulate  towards 
the  axis  like  waves  from  a  bank,  and,  meeting  in  the  axis, 
tbey  forma  strong  undulation  a  little  farther  advanced  along 
the  tube,  which  again  spreads,  is  again  refiectecl,  and  so  on, 
till  it  arrives  at.  the  mouth  of  the  tube  greatly  magnified, 
and  then  it  is  diffused  through  the  open  air  in  the  same  man- 
■er,  as  if  all  proceeded  from  a  very  sonorous  point  in  the 
centre  of  the  wide  end  of  the  trumpet.     The  author  distin- 
ginahes  with  great  judgment  between  the  prodigious  rein- 
fonement  of  sound  in  a  speaking  trumpet  and  that  in  the 
jausical  trumpet,  bugle-horn,  conch  shell,  &c. ;  and  shows 
that  the  difference  consists  only  in  the  violence  of  the  first 
unorous  agitation,  which  can  be  produced  by  us  only  on  a 
wy  snail  extent  of  surface.     The  mouth-piece  diameter 
Affcfim  of  the  musical  trumpet  must  be  very  small,  and 
the  fbice  of  blast  very  considerable.     Thus  one  strong  but 
■nple  undulation  will  be  excited,  which  must  be  subjected 
lo  Ae  modifications  of  harmony,  and  will  be  augmented  by 
a  conical  tube^.    But  a  speaking  trumpet  must  make 


*  AeoofdiDfly  tiie  Kmiid  of  Uie  bugle-born,  of  ibe  muiiical  trumpet,  or  Uie 
Piepch  honi,  iiprodifiontly  loud,  when  we  consider  the  t:^  1 1  pasinge  through 
•lifdi  a  moderate  blast  if  sent  by  t.u'  trumpeter. 
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no  change  on  the  nature  of  the  6rst  undulations ;  and  e 
point  of  the  mouth-piece  must  be  equally  considered  as  C--^^ 
centre  of  sonorous  undulations,  all  of  which  must  be  re  -^  ^ 
forced  in  the  same  degree,  otherwise  all  distinctness  of  air 
culation  will  be  lost.  The  mouth-piece  must  therefore 
in  the  whole  of  the  mouth  of  the  speaker. 

When  Sir  Samuel  Morland'^s  trumpet  came  to  be  gener»/^ 
ly  known  on  the  continent,  it  was  soon  discovered  that  the 
speaker  could  be  heard  at  a  great  distance  only  in  the  line 
of  the  trumpet ;  and  this  circumstance^  was  by  a  Mr.  Casse- 
grain  (Journ,  des  S^avana  1673,  p.  131.)  attributed  to  a  de- 
fect in  the  principle  of  its  construction,  which  he  said  was 
not  according  to  the  laws  of  sonorous  undulations   He  pro- 
posed a  conoid  formed  by  the  revolution  of  a  hyperbola 
round  its  assymptote  as  the  best  form.      A  Mr.  Hase  of 
Wirtemberg,  on  the  other  hand,  proposed  a  parabolic  co- 
noid, having  the  mouth  of  the  speaker  placed  in  the  focus. 
In  this  construction  he  plainly  went  on  the  principle  of  a 
reflection  similar  to  that  of  the  rays  of  light ;  but  this  is  by 
no  means  the  case.     The  effect  of  the  parabola  will  be  to 
give  one  reflection,  and  in  this  all  the  circular  undulations 
will  be  converted  into  plane  waves,  which  are  at  right  angles 
to  the  axis  of  the  trumpet     But  nothing  hinders  their  sub- 
sequent difi*usion  ;  for  it  does  not  appear  that  the  sound  will 
be  enfprced,  because  the  agitation  of  the  particles  on  each 
wave  is  not  augmented. 

The  subject  is  exceedingly  difficult.  We  do  not  fully 
comprehend  on  what  circumstance  the  afiection  or  agitation 
of  our  organ,  or  simply  of  the  membrana  tympanic  depoids. 
A  more  violent  agitation  of  the  same  air,  that  is,  a  wider  os- 
cillation of  its  particlcF,  cannot  fail  to  increase  the  impulse 
on  this  membrane.  The  point  therefore  is  to  find  whatcoo- 
course  of  feeble  undulations  will  produce  or  be  equivalent 
to  a  great  one.  The  reasonings  of  all  these  restorers  of  the 
speaking  trumpet  are  almost  equally  specious,  and  each  pcnnta 
out  some  phenomenon  which  should  characterise  the  princi* 
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■B  of  construction,  and  thus  enable  ue  to  &ay  tthicli  is  most 
ppeeable  lo  the  procedure  ol*  nature- — Yet  there  is  hardly 
■V  difference  in  the  performance  of  trumpets  of  equal  di- 
Mnstona  made  after  these  different  methods. 
■The  propagation  of  lighi  and  that  of  elastic  undulation* 
■em  torvquire  very  different  methods  of  management.  Yet 
■e  ordinary  phenomena  of  echoes  are  perfectly  explicable  by 
k  acknowledged  laws  either  of  optics  or  acoustics;  still  how. 
■^  there  are  some  phenomena  of  sound  which  are  very  un- 
■e  the  genuine  results  uf  elastic  undulations.  If  sounds  are 
■Bpagated  sphcricalty,  tlien  what  comes  into  a  room  by  a 
■•II  hole  should  diffuse  itself  from  that  hole  as  round  a 
Ibtre,  and  it  should  be  heard  equally  well  at  twelve  feet  dis- 
bce  from  the  hole  in  every  direction,  Yet  it  is  very  sen- 
■ly  louder  whca  the  heai-er  is  in  the  straight  line  drawn 
■Hn  the  sonorous  bo<ly  through  the  hole.  A  person  can 
Hge  of  the  direction  of  the  sounding  body  with  tolerable 
Bumess.  Cannon  discharged  from  the  different  sides  of  a 
Bp  are  very  easily  distinguished,  which  should  not  be  the 
■e  by  the  Newtonian  theory  ;  for  in  this  the  two  pulses  on 
■to  ear  should  have  no  sensible  difference. 
■Q'he  most  important  fact  for  our  purpose  is  this :  An  echo 
nn  a  small  plane  surface  in  the  midst  of  an  open  field  is 
mt  beard,  unless  we  stand  in  such  a  situation  that  the  angle 
V^reflected  sound  may  be  equal  to  that  of  incidence.  But 
■•tbe  usual  theory  of  undulations,  this  small  surface  should 
pnaw  the  centre  uf  a  new  undulation,  which  should  spread 
■^  cUrections.  If  we  mukc  an  analogous  experiment  on 
ntery  undulations,  by  placing  a  small  flat  surface  so  as  to 
■qect  a  httle  above  tlie  water,  and  then  drop  in  a  small  pcb- 
K  at  a  distance,  so  as  (o  raise  one  circular  wave,  wc  shall 
Merre,  that  when  this  wave  arrives  at  the  projecting  plane, 
Hs  disturbed  by  it,  and  this  disturbance  spreads  from  it 
K  all  sides.  It  is  indeed  sensibly  stronger  in  that  line 
^Hch  H  drawn  from  it  at  equal  angles  with  the  line  drawn 
Bthe  place  where  the  pebble  was  dropped.     But  in  ilie 
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case  of  sound,  it  is  a  fact,  that  if  we  go  to  a  Tcrj  matll  dis- 
tanoe  on  eitlier  aide  of  the  line  of  reflection^  ve  shall  hssr 
nothing. 

Here  then  is  a  fact,  that  whaterer  may  be  the  nature  rf 
the  elastic  undulations,  sounds  are  reflected  fran  a  sasll 
plane  in  the  same  manner  as  light.  We  may  avail  our- 
selves of  this  fact  as  a  mean  for  enforcing  sound,  though  «c 
cannot  explain  it  in  a  satisfactory  manner.  We  should  ct 
pect  from  it  an  effect  similar  to  the  hearing  of  the  oagad 
sound,  along  with  another  original  sound  coming  fion  die 
place  from  which  this  reflected  sound  diverges.  If  tbcrvfiiie 
the  reflected  sound  or  edio  arrives  at  the  ear  in  tiie  sane 
instant  with  the  original  sound,  the  effect  will  be  doubled; 
or  at  least  it  will  be  the  same  with  two  simultaneous  ot^^insl 
sounds.  Now  we  know  that  this  is  in  some  sense  eqaiva* 
lent  to  a  stronger  sound.  For  it  is  a  fact,  that  a  aumbcr  of 
voices  uttering  the  same  or  equal  sounds  are  heard  at  a 
much  greater  distance  than  a  single  voice.  We  caanot  paw 
haps  explain  how  this  happens  by  mechanical  laws,  nor  ai* 
sign  the  exact  proportion  in  which  10  voices  exceed  thect 
feet  of  one  voice  ;  nor  the  proportion  of  the  diatoneei  it 
which  they  seem  equally  loud.  We  may,  thereCnR,  for  the 
present,  suppose  that  two  equal  voices  at  the  same  diilmif 
are  twice  as  loud,  three  voices  three  times  as  load,  ht 
Therefore  if,  by  means  of  a  speaking  trumpet, 
10  equal  echoes  arrive  at  the  ear  at  the  saoDe 
may  suppose  its  effect  to  be  to  increase  the  audifailitj  10 
times ;  and  we  may  express  this  shordy,  by  oalliag  da 
sound  10  times  louder  or  more  intense. 

But  we  cannot  do  this  precisely.  We  cannot  by  mj 
contrivance  make  tlie  sound  of  a  momentary  snap^  aadthoa 
of  its  echoes,  arrive  at  the  ear  in  the  same  moment,  bsBSSW 
they  come  from  different  distances.  But  if  the  ei^hil 
noise  be  a  continued  sound,  a  man^s  vmoe,  for  cxanpli^  ^ 
taring  a  continued  uniform  tone,  the  first  echo  may  mA 
the  ear  at  the  same  moment  with  the  second  viinM  ^ 
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t  larynx ;  the  second  echo  along  with  the  third  vibration. 
It  is  evidem  that  this  will  produce  the  same  el- 
e  only  di&'trence  will  be,  that  tJie  articululioiis  of 
e  voice  will  be  made  indistinct,  if  the  echoes  come  from 
y  diHereni  distances.     Thus  if  a  man  pronounce  the  syl- 
llle  laic,  and  the  lU  successive  echoes  are  made  i'ruui  places 
hich  are  10  fi^et  farther  oil',  the  lOth  port  of  a  second  (near- 
ly will    intervene  between  bearing  the  firtit  and   the  last. 
Ibis  will  give  it  the  eoiiitd  of  the  syllable  tfutw,  or  perhaps 
,  because  r  is  the  repetitioo  of  (.     Something  like  tlii« 
»jrs  when,  standing  at  one  end  of  a  long  line  of  soldiers, 
t  hear  the  muskels  of  the  whole  line  discharged  in  one  in- 
It  Bceuis  to  us  the  sound  of  a  running-fire. 
pThe  lum  therefore  in  the  construction  of  a  spcakii^trum- 
I  may  be,  to  cause  as  many  echoes  as  possible  to  reach  a 
tat  ear  without  any  perceptible  interval  of  time.     Tins 
U  pv«  distinctness,  and  snniethiog  equivalent  to  loudness. 
9  loudness  arises  from  the  violence  of  the  single  aerial 
idi^tion.     To  increase  this  inay  be  the  aim  in  tlie  con- 
ructJotiofB  trumpet ;  but  we  are  not  sufficiently  acquaint- 
I  with  the  niechanism  oftlieKi;  imdiiltilion»  to  biiog  this 
with  cei'tainty  and  precision ;  wliereas  we  can  procure 
B  Kccaraulation  of  echoes  witltoiit  much  trouble,  since  we 
low  that  echoes  are,  in  fact,  reflected  like  light.     We  can 
n  a  trumpet  so  that  many  of  these  lines  of  reUccled  sound 
s  through  the  place  of  the  hearer.     We  are  indcbt- 
ito  Mr.  Lambert  of  Berlin  for  this  simple  and  popular 
V  of  the  subject ;  and  shall  here  give  an  abstract  of  his 
A  ingenious  Dissertation  on  Acoustic  Instruments,  put^ 
d  ID  the  Berlin  Memoirs  for  1763. 
ISound  naturally  spreads  in  all  directions;  but  we  know 
\  echoes  or  n-flected  sounds  proceed  almost  strictly  in  cer- 
I  limited  directions.     If  therefore  we  contrive  a  trumpet 
mob  a  way  that  the  lines  of  echo  sliall  be  confined  within 
I  space,  it  IS  reasonable  to  suppose  that  the  sound 
llbocotne  more  audible  in  proportion  as  this  diiFusion  i^^ 
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prevented.  Therefore  if  we  can  oblige  a  sound  which,  in 
the  open  air,  would  have  diffused  itself  over  a  hemisphere, 
to  keep  within  a  cone  of  ]  20  degrees,  we  should  expect  it  to 
be  twice  as  audible  within  this  cone.  This  wiU  be  aoooo^ 
plished,  by  making  the  reflections  such  that  the  lines  of  re- 
flected sound  shall  be  confined  within  this  cone  N.B. 
We  here  suppose  that  nothing  is  lost  in  the  reflection.  Let 
us  examine  the  eflect  of  a  cylindrical  trampet. 

Let  the  trumpet  be  a  cylinder  ABED  (Plate  YI.  fig.  1.) 
and  let  C  be  a  sounding  point  in  the  axis.  It  is  erident 
that  all  the  sound  in  the  cone  BCE  will  go  forward  without 
any  reflection.  Let  CM  be  any  other  line  of  sound,  which 
we  may  for  brevity ^s  sake  call  a  atmormu  arphamc  Hwe,  Being 
reflected  in  the  points  M,  N,  O,  P,  it  is  evident  that  it  will 
at  last  escape  from  the  trumpet  in  a  direction  FQ,  equally 
diverging  from  the  axis  with  the  line  CM.  The  same  most 
be  true  of  every  other  sonorous  line.  Therefore  the  edioes  will 
all  diverge  from  the  mouth  of  the  trumpet  in  the  same  man- 
ner as  they  would  have  proceeded  from  C  without  any  tram- 
pet.  Even  supposing,  therefore,  that  the  echoes  are  as 
strong  as  the  original  sound,  no  advantage  is  gained  by  sodi 
a  trumpet,  but  that  of  bringing  the  sound  forward  from  C 
to  c.  This  is  quite  trifling  when  the  hearer  is  at  a  disfanrr- 
Yet  we  see  that  sounds  may  be  heard  at  a  rery  great  dis- 
tance, at  the  end  of  long,  narrow,  cylindrical,  or  prismab- 
tal  galleries.  It  is  known  that  a  voice  may  be  distinctlj 
heard  at  the  distance  of  several  hundred  feet  in  the  Roman 
aqueducts,  whose  sides  are  perfectly  straight  and  smooth,  b^ 
ing  plastered  with  stucco.  The  smooth  surface  of  the  sdll 
water  greatly  contributes  to  this  eflect.  Cyhndrical  or  piis- 
matical  trumpets  must  therefore  be  rejected. 

Let  the  trumpet  be  a  cone  BCA  (Plate  VI.  fig.  2.)  ofwlkh 
CN  is  the  axis,  DK  a  line  perpendicular  to  the  axis,  and 
DFHI  the  path  of  a  reflected  sound  in  the  |dane  of  the  axis. 
The  last  angle  of  reflection  III  A  is  equal  to  the  last  ai^ 
of  incidence  FHC.     The  angle  BFH,  or  iu  equal  CFD,  ii 
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||ual  to  the  angles  FHD  and  FCH  ;  tliat  is,  tlic  angle  of 
eideoce  CFD  exceeds  the  next  angle  of  incidence  FHC, 
f  the  angle  FCD;  that  is  by  the  angle  of  the  cone.     In 
manner,  FDH  exceeds  CFD  by  the  same  angle  FCD. 
s  every  succeeding  angle,  cither  of  incidence  or  reflec- 
m,  exceeds  the  next  by  the  angle  of  the  cone.     C<ill  the 
igle  of  the  cone  a,  and  let  6  be  the  6rst  angle  of  incidence 
DC.     The  second,  or  DFC,  is  b  —  a.      The  third,  or 
He,  is  fr  —  2  o,  £;c. :  and  the  nth  angle  of  incidence  or  re- 
^tion  is  6  -^  n  a,  after  n  reflections.    Since  the  angle  dimi- 
ihet  by  equal  quantities  at  each  subsequent  reflection,  it 
I  plain,  that  whatever  be  the  first  angle  of  incidence,  it  may 
be  eijiausted  by  this  diminution  ;  namely,  when  n  times  a 
exceeds  or  is  equal  to  b.     Therefore  to  know  how  many  re- 
flections of  a  sound,  whose  first  incidence  has  the  incHnalion 
b  can  be  made  in  an  infinitely  extended  cone,  whose  angle 
is  a,  divide  6  by  a  ;  the  quotient  will  give  the  number  n  of 
reSectioQS,  and  the  remainder,  if  any,  will  be  the  last  angle 
of  incidence  or  reflection  less  than  a.     It  is  very  plain,  that 
when  an  angle  of  reflection  IH  A  is  equal  to  or  le^s  than  the 
angle  BCA  of  the  cone,  the  reflected  line  HI  will  no  more 
meet  with  the  oilier  side  CB  of  the  cone. 

We  may  here  observe,  that  the  greatest  angle  of  incidence 
I  right  angle,  or  90".  This  sound  would  be  reflected 
k  io  the  same  line,  and  would  be  incident  on  the  oppo- 
B  side  in  an  angle  —  90o  —  a,  &c. 

Thus  we  see  tliat  a  conical  trumpet  is  well  suited  for  con- 
ing the  sound :  for  by  prolonging  it  sufficiently,  we  can 
p  tbc  lines  nf  reflected  sound  whuUy  within  the  cone.  And 
a  it  is  not  carried  to  such  a  length  as  to  do  this,  when  it 
«s  the  sounding  Une  GH,  for  example,  to  escape  without 
r  reflection,  the  divergency  from  the  axis  is  less  than 
B  lost  sngte  of  reflection  BFH  by  half  (he  angle  BCA  of 
t  vaic-     Lei  us  see  what  is  the  connection  between  the 
il  (Did  unglc  of  ultimate  reflection. 
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Wc  have  sin.  b^^ :  sin.  J  =  CD  :  CP,  and  CF  =  CD  X 

sin.  b 


jr         ,  and  sin.  b  —  5ja:  sin.  *  — a  =  CF:  CH,  nd 

sin.  D— —  <i 

_        sin.  i— -a  sin.  ft  nnft— « 

CH  =r  CF  X  T~==  -     CD  X    .-     r X  ,    1^ — S-' 

sin.&  —  2a  sm.ft  — a     aiLft— 2i 

sin.  & 

sin.  —  <e  a' 

Therefore  if  we  suppose  X  to  be  the  length  whid  viDfft 

iiiLft 

us  II  reflections,  we  shall  have  X  =  CD  X  *: — .  ■ 

WUL  ft— aa 


Hence  we  see  that  the  length  increases  as  the  aajgfeft— aa 

diminishes ;  but  is  not  in€nite,  unksa  ■  a  is  eqaal  lok    In 

this  case,  the  immediately  preceding  angle  of  nkedon  onnt 

be  a,  because  these  angles  have  the  eommoB  fiSennn  a. 

Therefere  the  hist  reflected  sound  was  moving  panlUtstbt 

opposite  side  of  tlie  cone,  and  cannot  agmn  meat  it    Bat 

though  we  cannot  assign  the  length  which  will  pre  the  sdi 

reflection,  we  can  give  the  length  which  will  give  die  oae 

immediate!  V  preceding,  whose  ai^le  with  the  side  ef  the 

cone  is  e.     Let  Y  be  this  lei^th.     We  hawe  Y  =  CD  X 

sin.  ft 

^2^^.     This  length  will  allow  every  line  of  sound  to  faeie* 

flecied  as  often,  saving  once,  as  if  the  tube  were  inflnileij 
lofii;.  For  suppose  a  sonorous  line  to  be  tnoed  backwaidi^ 
05  if  a  K»und  entered  the  tube  in  the  direedao  i  ft,  and  wot 
nrfledeii  in  the  points  ft,  /.  d,  I.  D.  the  angles  will  be  coo- 
tiniia]!v  .^ii^t^^entcd  by  the  constant  angle  a.  Bot  this  aiq^ 
roooution  can  never  eo  farther  than  M*  +  i  e.  For  if  it 
n»ches  ihat  raliie  at  D.  fer  instaBoe,  the  reflected  line  DK 
will  he  pfrpeodicuUr  to  the  axis  CN  :  and  the  aii^  ADK 
w;  ;  be  c^ud  to  :he  ande  DKBw  and  the  sound  will  oooK 
m:;  Aasaio.     This  nKsart  is  of  impofftanoe  oo  another  •^ 

N\>w  <urf»«^  :Se  mse  »»hecQtctfalDbya  plane  pw^ 

{iHMA^iUr  ;o  /r;  ai^*^  KD  wLi  be  the  diameter  of  its 
aH>uth  {Mice    ^Lzid  if  v«  ^^^l^we  a  Spocih  ccnpletely  occo- 
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lying  this  eirde,  and  every  point  of  tlie  circle  to  be  sono* 
tUiu^  the  reflected  sounds  will  proceed  from  it  in  the  same 
I  light  would  from  a  flame  which  completely  occu- 
lts area,  and  is  reflected  by  the  inside  of  the  cone.  The 
^^gfe  FDA  will  have  the  greatest  possible  sine  when  it  is  a 
t  angle,  and  it  never  can  be  greater  than  ADE,  which 
=  00  +  i  a.     And  since  between  W  +  \  a,  and  90  — 
i,  there  must  fall  some  multiple  of  a ;  call  this  multiple  b. 
I,  in  order  that  every  sound  may  be  reflected  as  often  as 
saving  once,  we  must  make  the  length  of  it  X  ::= 

Now  since  the  angle  of  the  cone  is  never  made  very  great, 

exceeding  10  or  13  degrees,  &,  can  never  difier  i'rom 

above  a  degree  or  two,  and  its  sine  cannot  differ  much 

CD 
unity.     Therefore  X  will  be  very  nearly  equal  to  g  -^9 

CD 
hich  is  also  very  nearly  equal  to  g  g  ^.^ ;  because  a  is 

and  the  sines  of  small  arches  are  nearly  equal  and 

jpropoitionai  to  the  arches  themselves.     There  is  even  a 

vnall  empensabon  of  errors  in  this  formula.     For  as  the 

mm  of  90*  is  somewhat  too  large,  which  would  give  X  too 

gtwtf  2  S,  i  a  is  also  larger  than  the  sine  of  a.      Thus  let 

M  be  18* :  then  the  nearest  multiple  of  a  is  84  or  96*^,  both 

of  which  are  as  far  removed  as  possible  from  90^,  and  the 

emr  is  as  great  as  possible,  and  is  nearly  riv^  ^^  ^ 

whole. 

This  approximation  gives  us  a  very  simple  construction. 
Let  CM  be  the  required  length  of  the  trumpet,  and  draw 
Jf  L  perpendicular  to  the  axis  in  O.     It  is  evident  that  S, 

MCO  :  rad.  =  MO :  CM,  and  CM;  or  X  =  J^,  = 

LM  CD 

f  ti,f  a»  hut  X  =  gg  i.;^i  and  therefore  LM  is  equal  to 

CD." 
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If  thercrore  the  cone  be  of  such  a  length,  that  iti  dia» 

tor  at  the  mouth  is  equal  to  the  IcDgth  of  the  part  cuto( 

every  line  of  sound  will  have  at  least  as  many  reflecdoH^ 

Kive  one,  as  if  the  cone  were  infinitely  long ;  and  die  Inl 

reflected  line  will  either  be  parallel  to  the  opponte  ode  rf 

the  cone,  or  lie  nearer  the  axis  than  this  paralU ;  on» 

qucntly  such  a  cone  will  confine  all   the  reflected  souDdi 

within  a  cone  whose  angle  is  2  a,  and  will  augment  the  loaid 

in  the  proportion  of  the  spherical  base  of  this  cone  to  iea» 

plete  hemispherical  surface.  Describe  the  orde  DKT  nmid 

C,  and  making  DT  an  arch  of  90,  draw  the  cbcid  DT. 

Then  since  the  circles  described  with  the  radii  DI^  DT, 

are  equal  to  the  spherical  surfaces  generated  faj  the  lenifu* 

tion  of  the  arches  DE  and  DET  round  the  axis  CD,  the 

sound  will  be  condensed  in  the  propordon  of  DP  to  DT*. 

This  appears  to  be  the  best  general  rule  for  oonstructiiig 

the  instrument ;  for,  to  procure  another  reflection,  thetabe 

must  be  prodigiously  lengtliened,  and  we  cannot  suppoK 

that  one  reflection  more  will  add  greatly  to  its  power. 

It  appears,  too,  that  the  length  depends  chiefly  on  the 

angle  of  tlic  cone  ;  for  the  mouth-piece  may  be  oonndend 

as  nearly  a  fixed  quantity.  It  must  be  of  a  size  to  admit  the 

mouth  when  speaking  with  force  and  without  constniBL 

About  an  inch  and  a  half  may  be  fixed  on  for  its  diamelff. 

When  therefore  we  propose  to  confine  the  sound  to  a  eoae 

of  twice  the  angle  of  the  trumpet,  the  whole  is  detenniafli 

by  that  angle.      For  since  in  this  case  LM  is  equal  to  CA 

CD* 
we  have  DK  :  CD  =  LM  (or  CD)  :  CM  and  CM  =  jf 

But  2S,ia:  1=DE:CD, 

and  2  S,  J  a  :  1  =  CD  :  CM; 

therefore  *S,^i a:l=zDK  :  CM, 

And  CM  =  i^g-,  ^-^- ,  =  g^  reiy  nctr/j.  AM 

since  DE  is  an  inch  and  a  half,  we  get  theleogtb  in  imha, 

•ounted  from  the  apex  of  the  cone  =  gT^or  jri^- I^   I'^fr 


I 
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«is  we  must  cut  off  the  part  CD,  which  is  =:  "g~r^»  or  very 

'iiearly  ^ — >^  "as — *  measured  in  inches,  and  we  must 

^       '  '  .  3 

**>ake  the  mouth  of  the  same  width  gg  ^- 

On  the  other  hand,  if  the  length  of  the  trumpet  is  fixed 
^^»  we  can  determine  the  angle  of  the  cone.      For  let  the 

*^iigth  (reckoned  from  C)  be  L  ;  we  have  2S,-a=    iT  or 


3  / — 5 

^'*"=2T»  andS,a=:V-. 


IT'  ana  a,  a  =  V -gj— . 
Thus  let  6  feet  or  72  inches  be  chosen  for  the  length  of 

^*ie  cone,  we  have  S,  a  =  V -, .  j-       V — ,  =  0,1413 1,  = 

^in.  8®  17'  for  the  angle  of  the  cone ;   and  the  width  at  the 

3 
^tauth  is  o  g  -  =  10,4  inches.    This  being  taken  from  72, 

*«aves  61,8  inches  for  the  length  of  the  trumpet. 

And  since  this  trumpet  confines  the  reflected  sounds  to 

^oone  of  16**  34^,  we  have  its  magnifying  power  =  J)]jrr» 

(fIIT)»       S,*45° 
^  («.t)K^a  —  S  a  4^8'.*'  ~  ^^  nearly.  It  therefore  condenses 

^le  sound  about  96  times ;  and  if  the  distribution  were  uni- 
ftnn,  it  would  be  heard  v' 96,  or  nearly  10  times  farther  ofr. 
^orthe  loudness  of  sounds  is  supposed  to  be  inversely  as 
the  square  of  the  distance  from  the  centre  of  undulation. 

But  before  we  can  pronounce  with  precision  on  the  per- 
fbrmanoe  of  a  speaking  trumpet,  we  must  examine  into  the 
oiDner  in  which  the  reflected  sounds  are  distributed  over 
the  space  in  which  they  are  all  confined. 

Let  BKDA  (Plate  VI.  fig.  3.)  be  the  section  of  a  conical 
trumpet  by  a  plane  through  the  axis :  let  C  be  the  vertex  of 
the  cone,  and  CW  its  axis ;  let  TKV  be  the  section  of  a 

VOL.  IV.  2  G 
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sphere,  having  its  centre  in  the  vertex  of  the  ocme ;  andk 
P  be  a  sonorous  point  on  the  surface  of  the  sphere,  andPc 
ft  I  the  path  of  a  line  of  sound  lying  in  the  plane  of  theieD' 
tion. 

In  the  great  circle  of  the  sphere  take  KQ  =  KP,  DR 
=  DQ,  and  KS  =  KR.  Draw  QB  h ;  also  draw  Qrfspi. 
rallel  to  DA ;  and  draw  PB,  P  d,  PA. 

1.  Then  it  is  evident  that  all  the  lines  drawn  fimP, 
within  the  cone  APB,  proceed  without  reflesioDy  and  m 
diifused  as  if  no  trumpet  had  been  used. 

2.  All  the  sonorous  lines  which  fall  from  P  on  KB  ne 
reflected  fn)m  it  as  if  they  had  come  from  Q. 

3.  All  the  sonorous  lines  between  BP  sni'i  P  have  suf- 
fered but  one  reflection  ;  for  d  n  will  no  more  meet  DAA' 
so  as  to  be  reflected  again. 

4.  All  the  lines  which  have  been  reflected  from  KB|  ud 
afterwards  from  DA,  proceed  as  if  they  had  come  from  B. 
For  the  lines  reflected  from  KB  proceed  as  if  they  W 
come  from  Q ;  and  lines  coming  from  Q  and  reflected  bj 
DA,  proceed  as  if  ihcy  had  come  from  R.  Therefore  dnv 
II A  o,  and  also  draw  R^^  m  parallel  to  KB,  and  diiwQc 
A  y,  Q  6  g,  r  c,  and  P  b.     Then, 

5.  All  the  lines  between  b  P  and  c  P  have  been  twice  re- 
flected. 

Again,  draw  Sl];>,  B  rR,  r  a  Q,  So:  A,  R^x,  Q  JJf. 

6.  All  the  lines  between  u  P  and  z  P  have  suflered  three 
reflexions. 

Draw  the  tangents  TA  ty  VB  »,  crossing  the  axis  ia  W. 

7.  The  whole  sounds  will  be  propagated  within  the  cone 
r  W  t.  For  to  every  sonorous  point  in  the  line  KD,  theie 
corresponds  a  point  similar  to  Q,  regulating  the  first  reflv* 
tion  from  KB ;  and  a  point  similar  to  R,  regulating  tlie» 
cond  reflection  from  DA  ;  and  a  point  S  reguhtio|p  tht 
thinl  reflection  from  KB,  &c.  And  similar  points  will  k 
found  regubting  t!:o  Hr>t  reflection  from  DA,  the  moBti 
from  KB,  and  the  third  from  DA,  &c. ;  and  lioes  dim 
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n  all  these  tbrDugli  A  and  B  must  lie  within  the  tangents 
L  and  A' I). 
fS.  Thus  the  centres  of  reflection  of  all  the  sonorous  lines 
hich  lie  in  planes  passing  through  the  axis,  will  be  found 
■the  surface  of  this  sphere ;  and  it  may  be  enn^dered  as  a 
porous  spliere,  whose  sounds  6rst  concentrate  in  W,  and 
b  then  diffused  in  the  cone  e  W  (. 

at  may  be  demonstrated  nearly  in  the  same  manner,  that 
t  sonorous  tines  which  proceed  from  P,  but  not  in  the 
e  passing  through  the  axis,  also  proceed  after  various 
Ktions,  as  if  they  had  come  from  pcdnts  in  the  surface  of 
t  same  sphere.  The  only  difference  in  the  demonstration 
Itbat  the  centres  Q,  R,  S  of  the  successive  teflectioiia  are 
t  in  one  plane,  but  in  a  spiral  line  winding  pound  the  sur- 
e  of  the  sphere  according  to  fixed  laws.  The  forgoing 
elusions  arc  therefore  general  for  all  the  sounds  whiclf 
be  in  all  directions  from  every  point  in  the  area  of  the 
|iitli>^ece. 

Fhus  it  appears,  that  a  conical  trumpet  is  well  fitted  for 
BNng  the  force  of  soimds  by  diminishing  their  final  di- 
For  had  the  speaker's  mouth  been  in  the  open 
ll  the  sounds  which  are  now  confined  within  t!ie  cone  vWt 
I  have  been  diffused  over  a  hemisphere :  and  we  see 
t  prolonging  the  trumpet  must  confine  the  sounds  still 
re,  because  this  will  make  the  angle  BWA  still  smaller; 
Rtger  tube  must  also  occasion  mure  reflections,  and  con- 
|Uenl)y  send  more  sonorous  undulaliuns  to  the  car  at  a 
mce  placed  within  the  cone  v  W  t. 
P  We  liave  now  obtained  a  very  connected  view  of  the  whole 
ttt  of  s  conkvil  trumpet.  It  is  the  sanie  as  if  the  whole 
t  TKDV  were  snunding,  every  part  of  it  with  an  in- 
y  proportional  to  the  densityof  the  points  Q,  R,  S.  fiie. 
mding  to  the  different  points  P  of  the  mouth-pieee. 
beasy  to  see  that  this  cannot  l>e  uniform,  but  must  be 
t  towards  the  margin  of  the  !>egment.  It  would 
n  ft  £Oud  deal  of  discussion  to  show  the  density  of  thcxe 
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fictitious  sounding  points  ;  and  we  shall  coolenl  omidns 
with  giving  a  very  palpable  view  of  the  distnbatioii  of  tfat 
sonorous  rays,  or  the  density  (so  to  speak)  of  the  echoe%  m 
the  different  situations  in  which  a  hearer  may  be  pliccd. 

Wc  may  observe,  in  the  mean  time,  thai  this  gibHtituUm 
of  a  sounding  sphere  for  the  sounding  moath-pieoe  hsan 
exact  parallel  in  Optics,  by  which  it  will  be  greatly  iilustnU 
ed.  Suppose  the  cone  BKDA  lo  be  a  tube  polisfaed  in  the 
inside,  fixed  in  a  wall  B  «,  perforated  in  BA,  and  that  the 
mouth-piece  DK  is  occupied  completely  by  a  flat  flaiii& 
The  effect  of  this  on  a  spectator  will  be  the  same  if  he  is 
properly  placed  in  the  axis^,  as  it'  he  were  lookii^  ata  flime 
as  big  as  the  whole  sphere.     This  is  very  evident 

It  is  easy  to  see  that  the  line  lfS'i>  equal  lo  the  line  /  efa 
P ;  therefore  the  reflected  sounds  also  come  to  the  ear  in 
the  same  moments  as  if  they  had  come  from  their  respectiTe 
points  on  the  surface  of  the  substituted  sphere.  Unlesi^ 
therefore,  this  sphere  be  enormously  large,  ''the  distinctnen 
of  articulation  will  not  be  sensibly  affected,  because  the  in- 
terval between  the  arrival  of  the  different  echoes  of  the  same 
snap  will  be  in<<rn?ible. 

Our  hnilts  obli^re  us  to  contenl  ours* Ives  with  exbiludng 
this  tviJeni  similarity  of  the  procre??  of  echo  from  the  sur- 
face ot'  this  pi] o! lie  -phere.  to  the  progress  of  light  from  the 
same  lumi:)ou>  sphere  s'lining  ihrou;£:h  a  hole  of  which  the 
diameter  is  AB.  The  ilirecl  invcsligaiion  of  the  intensitj 
of  the  Mvand  in  Ji'r'crcr.t  diriviions  and  distances  would  take 
up  niiKh  nx»n\  ar.J  eive  n?  clearer  conception  of  the  thing. 
TIio  iiUcn^ity  of  ihcr  sjund  in  any  point  is  precisely  amilar 
to  the  in:en>:ty  o!  the  illumination  of  the  same  point;  and 
tl)!s  is  pro{x>riion3l  to  the  portion  of  the  luminous  suiface 
seen  from  this  pohn  z^roiisxi  the  hole  directiv,  and  to  the 
squan:^  of  the  cistance  :.iveri< -y.  The  intelligent  reader  frill 
acquire  a  distliut  cor»0!:p::on  o\  this  maner  from  Plate  VL 
tig.  4.  which  repre<*^nts  tl;e  di^tribuiioa  of  the  sonorous  lines 


1  by  conscfjuence  the  degree  of  loudness  which  may  be 

■ctetl  in  the  different  situations  of  the  hearer. 

s  we  have  already  observed,  the  effect  of  the  cone  of  the 

mpet  is  perfectly  analogous  to  the  reflection  of  hghl  from 

nlished  concave,  conical   mirror.    Such  an   instrument 

1  be  equally  fitted  for  tlluminating  a  distant  uliject. 

me  imagine  that  these  would  be  much  more  powerful  than 

spherical  or  even  panilmlic  mirrors  commonly  used  for 

B  purpose.     These  last,  having  the  candle  in  the  focus, 

a  send  forward  a  cylinder  of  light  of  equal  width  with  the 

But  it  i.s  well  known,  that  oblique  reflections  arc 

idipoufily  more  vivid  than  those  made  at  greater  angles. 

lere  the  inclination  of  the  reflected  light  tu  tlic  plane  of 

b  mirror  does  not  exceed  eight  or  ten  degrees   it  reflects 

■ut  three-fourths  of  the  light  which  falls  on  it.     But  when 

e  inclination  ia  80,  it  does  not  reflect  one-fourth  part. 

b  We  may  also  observe,  that  the  density  of  the  "reflected 

lisdsby  the  conical  trumpet  ABC  (Plate  VI.  flg.  4.)  ispre- 

lely  umilar  to  that  of  the  illumination  produced  by  a  lu- 

1  sphere  TDV,  shining  through  a  hole  AB.      There 

I  be  a  space  circumscribed  by  the  cone  formed  by  the 

I  TB  t  and  VA  v,  which  is  uniformly  illuminated  by  the 

kole  sphere  (or  rather  by  the  segment  TUV),  and  on  each 

Ue  tbcre  is  a  space  illuminated  by  a  part  of  it  only,  and  the 

hinitiuition  gradually  decreases  towards  the  borders.     A 

BCtator  placed  much  out  of  the  axis,  and  looking  through 

b  hole  AB,  may  not  see  the  whole  sphere.     In  like  man- 

',  be  will  nut  hear  the  whole  sounding  sphere :  He  may 

^  flo  for  from  the  axis  as  neither  to  see  nor  hear  any  part  of 


nsting  our  imagination  by  this  coniparison,  we  perceive 

t  beyond  the  point  w  there  is  no  place  where  all  the  re- 

i  sounds  arc  heard.     Therefore,  in  order  to  preserve 

fe  magnifying  jjower  of  the  trumpet  at  any  distance,  it  is 

»ry  to  make  the  mouth  as  wide  as  Uie  sonorous  sphere. 

by,  tven  this  would  be  an  imperfect  instrument,  because 
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itii  fir/xrer  would  he  confined  toaTerj  narrovr  qiaoe;  andil 
ir  Ur  not  accurately  point  d  to  the  penoo  Iktemng^  its  pom 
will  ly*  ^ratly  diminished.  And  we  may  observe,  bjthe 
wny,  that  wo  derive  from  this  circumstance  a  Strang  coair* 
mation  of  the  jujtnesft  of  Mr.  Lambert^s  prindplei ;  ibr  the 
cffVctA  of  ^[leaking  trumpets  are  really  observed  to  be  lioit 
f(l  in  thf!  way  here  described — Parabolic  trumpets  fam 
lM*('n  ma(I(*,  and  they  fortify  the  sound,  not  only  in  the  cj- 
lindiiral  H|>aco  in  the  direction  of  the  axis,  but  also  on  CKh 
side  of  it,  which  should  not  have  been  the  case  had  thevef^ 
fiTt  de|K*ndcd  only  on  the  undulations  formed  by  the  pini> 
Iwlii  in  |ilancfl  i^crpcMidicular  to  the  axis.     But  to  proceed. 

Lcl  liCA  (riate  VI.  fig.  5.)  be  the  cone,  ED  tlieffloutb. 
piccT,  'I'FiDV  the  equivalent  sonorous  sphere,  and  TBAV 
the  rircunisirrilxHl  cylinder.  Then  CA  or  CB  isthelei^ 
ofriiiu*  that  is  ni'ccbsary  for  muntaining  the  roagniljiDg 
|K)\vvr  af  all  liisuinccs.  We  have  two  csonditions  to  be  &I- 
lilliHi.  The  iliametcr  ED  of  the  mouth-piece  must  be  of  • 
tvrtaiu  liKod  ningnitude,  and  the  diameter  AB  of  the  outer 
iMui  luiLst  ho  c(]ual  to  that  of  the  equivalent  sonorous  sphem 
TIuso  ixtndltioMs  ilotorminc  all  tlie  dimensions  of  tbetnim- 
(vi  .nul  its  niagnifyi;ig  (xiwer.  And,  first,  with  respect  to 
ihr  diiiioiisivnis  of  ib.o  triun()et. 

Tho  sir.iibrity  of  the  triangles  ECG  and  BCF  give* 
i\\  :  in  -  t  r  :  AB  ;  but  CG  =  BF,  =  f  AB,  and  CF 

t  iJ  -f  i»F.  =  GF  -r  ^  AB  ;  therefore  f  AB :  ED  = 
C^F  i.  V  AB  :  AB*  ::iui  AP  :  ED  =  e  GF  -f  AB  :  AB; 
th.  ivvr^^  x^  G  F  \  FD  -r-  AB  X  ED  =  ABs  and  2  GF  X 

rP      AB  .  —  VB  \  El\  =  AB  X  AB  —  ED.  and  GF 

VB\A>  — 11^ 

o  v*i>  A3k:,  oc  u>i  cci-cr  LuxL  because 

Vt;    _  vi;  \  y:>  ^  o  ^;p  ^  £->  ^^  ^^^  AB:  -  AB 
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IM  X  represent  the  length  of  the  trumpet,  y  the  diamc- 
^  at  the  great  end,  and  m  the  diameter  of  tlic  mouth-piece. 

Then  X  =r  — g  — -  » and j^  =  v' gTm  +  imr  +i«.  Thus 
^he  length  and  the  great  diameter  may  be  had  reciprocally. 
The  useful  ca3e  in  practice,  is  to  find  the  diameter  for  a  pro* 
poeed  length,  which  is  gotten  by  the  last  equation. 

Now  if  we  take  all  the  dimensions  in  inches,  and  fix  m 
tt  on  inch  and  a  half,  wc  have  2  a;  m  =:  3  x,  and  ^  m^  = 
O^M85,  and  -^  m  =  0,75 ;  so  that  our  equation  becomes  y  = 

^/Sx +  0,5625  +  0,75.    The  following  table  gives  the  di- 
xilenaiaos  of  a  sufficient  variety  of  trumpets.     The  first  co- 
lumn 18  the  lengtli  of  the  trumpet  in  feet ;  the  second  co- 
lumn 18  the  diameter  of  the  mouth  in  inches ;  the  third  co- 
lumn 18  the  number  of  times  that  it  magnifies  the  sound ; 
and  the  fourth  column  is  the  number  of  times  that  it  in- 
creases the  distance  at  which  a  man  may  be  distinctly  heard 
Vy  its  means ;  the  fifth  contains  the  angle  of  the  cone. 


GF 

AB 

feet 

inchesi. 

Magnifying. 

Extending. 

ACB. 

1 

6,8 

42,6 

6,5 

Q        1 

24  5Z 

2 

9,3 

77.8 

8,8 

18  23 

S 

11,2 

112,4    • 

10,6 

15   18 

4 

12,8 

146,6 

i2,l 

13  24 

5 

14/2 

180,4 

13,4 

12  04 

6 

15,5 

214,2 

14,6 

11    05 

7 

16,6 

247,7 

15,7 

10  18 

8 

17,7 

281,3 

16,8 

9  40 

9 

18,8 

3 1 4 ,6 

17,7 

9  08 

10 

19,8 

347,7   . 

18,6 

8  42 

11 

20,7 

380,9 

19,5 

8   18 

12 

21,5 

414,6 

20,4 

7  58 

15 

24, 

513,6 

22,7 

7  09 

18 

26,2 

6 1 2,3 

24,7 

6  *i^ 

21 

28.3 

711,2 

26,6 

6  05 

24 

80,2 

SWA 

28,5 

5   42 

• 

£D  in  all  is  . 

=  1,5. 

■^•:miM  lie  rxmmeatBtd  on  die  fi3l]0Wfliig 

-'"-'•:        irr.  .  ■>     JkOSgUr  J  BJL.      Ill  tfalS  tttlUtlOt 

.^ ;.-  ,^  .'.  rjirun/f  uufmBtiw  bnm,  the  whok  nv- 

'^  •  i^i    -»   jxssam.  *Jie  «>s&eK  of  the  tnnnpdii 

.:r.-.r     .    -.^    r.ifiys    oic8ii:cjs  OHoy  months  as  vooU 

irr..i-;>.      7/.<>5V!!bce  die  qaodent  obtained  bjfr 

' '^r/    .^    :r-\rr-    r    ne  lenuflBefe  by  that  of  the  moutk- 

,i/^%  -r.-,n^.^    ne   3aesiniii<^  Tjower  of  the  tnini|Mt 

■**     "»^: -  /  ...  /  7.  »  trawo.  ▼e  know  that  the sphe- 

■>«       -'^-T.    r  /    '.   Z  J-  D.   ire  iTBspectivcIy  equal  to  the 

v.'^;  -.-f:    ■-::;   ^.e  -auii  T  z- E  «-,  and  are  tberefiw 

.    y'    '■:  TTienTrore'Jie  ludibility  of  the  trumpet, 

'•  .-»    .  .vtf^rr:    ^:ti  \  angle  "^oice,  may  be  expreaaed  bj 

^>    .  .        'o*^   'i*>  Titio   jr'  Ti-^  ti>  Eg^  is  eaaly  obtuned. 
/  .-    *'  /  /  ^r.    tr.v.rn  parailei  to  the  axis,  it  is  phdndiat 


>        ,  inri  riiat  £/  is  to  /  B  as  ladius  to  the 

'  »•  /  ' '   '.'*  r;*'',/  .    v:.u:h  ir^ie  we  may  call  a.    Therefore 

*  '•'  "         ^  ^   ,  -i.-.i!   triu.s  we  obtain  the  angle  a.    But  if 

•  .     r.#J».*    rj,  1^.  arro'jnted  1,  T  g^  is  =  ./  2,  and  Eg- is 

'^     ,  To-       V"^ 

'    »ri     ,     'Mirrrtfore  Eg^^sin.  ^*  *^^  ^®  msgmfying 

2  1 

l»«t...  ilirirlnic,  in  the  third  coiumn  of  the  table  are  eadi 
I 

>  '^\\\     . 

\\\\\  \\w  nioio  uMial  WAV  of  coiKiMviOi:  the  fv«Ter  of  the 
iM»»M)S'l  1^,  l^x  *\Misulirini:  how  much  f^-iher  ::  will  aaUc 
»»  ^»»  h*\\\  A  \.-..v  iv;wV.v  w,:::  \\-«^  wf  ^'i??''*^  iat  the 
•^\«hlMh(\  ,\:  v,^  ':v;s  x.v;.^  iv.  :!  :  irrcra:  i.-r4Dcs:=  raboof 
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B  distance.     Therefore  if  the  distance  rf,  at  which  a  man 

Hiy  be  distinctly  heard,  be  inLreased  to  z,  in  the  propor- 

1  of  EG  to  T  g,  the  sound  will  be  less  audible,  in  the 

Nirtion  of  T  g°  lo  EG',     Therefore  the  trumpet  will 

I  as  well  heard  at  the  distance  z  as  the  simple  voice  is 

tard  at  the  distance  d.     Therefore  t  will  exjnresB  the  ex- 

CT-  of  the  trumpet,  which  is  therefore  =  g-^ — . 

%  Uiis  manner  were  the  numbers  computed  for  the  fourth 
Humn  of  the  table. 

I  When  the  angle  BCA  is  small,  which  is  always  the  case 
b  speaking  trumpets,  we  may,  without  any  sensible  erroTi 
ED        m 
laidet  Eg-as=  -g-,  =  g.     And  Tg=TC  x  ^^2,= 

~  ^  2  =  -T\j  =  TT^'  This  gives  a  very  easy  compu- 
1  of  llie  extending  and  magmfying  powers  of  the 
EDpet. 


The  extending  powi 


=  V2V 


The  magnifying  power  is  =  2  ^^r. 
BWe  may  also  easily  deduce  from  the  prentiites,  that  if  the 
ruth-picce  be  an  inch  and  a  half  in  diameter,  and  the 
^h  X  be  measured  in  inches,  the  extending  power  is  very 
irly  =  v'  3  •>^l  and  the  magnifying  power  =  y  v, 

I  inconvenience  still  attends  the  trumpet  of  this  con- 

iction.     Its  complete  audibility  is  confined  to  the  cyhn- 

J  space  in  the  direction  of  the  a^h,  and  it  is  more  Ihint- 

•faeord  on  each  side  of  it.     Tliis  obliges  us  to  dirixl  the 

mpet  very  exactly  lo  the  spot  where  we  wish  it  to  be 

This  is  confirme<l  by  all  the  accounts  we  have  of 

k  performance  of  great  speaking  trumpets.     It  is  evident, 

t  by  lengthening  the  trumpet,  and  therefore  enlai-ging 


^:^ 


~i  ::.:■- 12,  -ft 


VI  ix  4, 


TBf 


TAft 


h^  '^eL  -Ji-i  ::i 


cT^&.x.-i  'Jji.  v.'.rA  ':z.  -l-i  i^zaa  -mbeTt  a »  a9  idkui 

ad.   AhI 

fliri  dm 

*'"-5  *^i!»:3i  ^A:^  -irt-:*:  1*  "-jrnasKL    B21  rolacrafl 

keaemg. 

n-?r.'-ar:  jm* :»  t  rrr  *r-jk.7.  is  cccpuucn  of  iIk  a^ 

m^ 

fA  EZr.     If  •■!.•>  •^j^.pe:  -t'  Plise  VI  Sg.  3.  yfem\ 

main  m 

:.  .zzT'.'i  t.n.£^    '-^^^3  ^^  pTver  voojd  zaoc  be  in 

EMBdone 

Vi'v  rr^i  7,v:  v>trcfGre  aifn  12  umai  ^ure  oHBtD  p» 
'f .:-:  A  cjJ^jyzry^  fp&ce  of  full  eSecL  ;  and  tlaft  vS  ahnfi 
^^  c^r.j  bv  :}:€  pr^^i^disg  niks.  cr  tahSe  of  cuuftCiuUiooi. 
'■"1  r.  iv  r.^e  0:=  it^llwi  a  ijd  or  &  founli  pat  bor 
. ;r.:L*:'  r  ^^  c:::tr  v.  ?pre&d  a  ^ilic  the  ^soce  cf  iu  fiall  cffsct, 
2^d  "J'-TTi'-T  mie  ::  ir.ors  catrilT  cirtcted  to  the  mttoded 
r  "■:  xt-  B-:  :::  ccir.2  ±15  »r  e-jc  be  careial  to  iuLweihe 
'"li.i:-:*cT  1:  -i-v  -rv-ir.  a*  =i-cr:  &s  -"^e  increase  the  len^: 
r-.htr*-':*^  -e  vrAzzii  vie  tctt  opposie  effect,  mnduaktibt 
:rjz:r«tt  grearlT  interior  '-o  1  sbxter  one,  at  all  dstanoesfae^ 
vvnd  a  ctn^  pMsr.  For  br  ioaeaszng  the  length  wUe 
the  p;2Ln  CG  rerr^ai^?  the  saioe,  ve  cause  the  taagcnls  TB 
£nd  VA  :o  rje^:  rn:  sri^aie  distant  point,  berond  vhidi  tlie 
ir'jund  fiifFiiK-s  pnyiigiously.  The  coBstmctioD  of  a  spok- 
ing tnixxspet  is  there^iore  a  problem  of  some  niceCj;  ladis 
the  trials  are  al^avs  ciade  at  soce  coDfidenUe  distallo^  it 
mar  frequentl j  happen  that  a  trumpet,  vhkfa  is  not  haai 
at  a  mile^s  distance,  may  be  made  tctt  audible  two  nuks  of 
bv  cutting  off  a  piece  at  its  wide  end. 
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^ftAfter  this  minute  conaideraliun  of  ihc  conical  trumpet,  we 
^B^ht  proceed  to  consider  those  of  other  forms.  In  pariicu- 
^K,  the  hyperbolic,  proposed  by  Cassegrain,  and  the  parn- 
^HGc,  proposed  by  I^Iaasc,  seem  to  rneril  consideration.  But 
^B  we  examine  thum  merely  as  reflectors  of  echoes,  we  shall 
^Bd  llieni  iuferior  to  the  conical. 

^■With  respect  to  the  hyberbolic  trumpet,  its  inaptitude  is 
^Hdentat  first  sight.     For  it  must  dissipate  tlie  echoes  more 
^Bn  a  conical  trumpet.     Indeed  Mr.  Cussegrain  proceeds 
^B  quite  different  jirinciples,  depending  on  the  meclianism 
^■(Ik  aerial  undulations :  his  aim  was  to  increase  the  agit^ 
|pDii  in  each  pulse,  so  that  it  may  make  a  more  forcible  im- 
BBuIsc  on  the  ear.     But  we  are  t«o  imperfectly  acquainted 
Hdtb  this  subject  to  decide  a  priori ;  and  experience  shows 
Haat  the  hyberbola  is  not  a  good  form. 
P      With  respect  to  the  parabolic  trumpet,  it  is  certain  that 
Tf  the  mouth-piece  were  but  a  point,  it  would  produce  the 
most  favourable  reflection  of  all  the  sounds ;  for  they  would 
all  proceed  parallel  to  the  axis.     But  every  point  of  an  opeo 
raouth  must  be  considered  as  a  centre  of  sound,  and  none 
Ljifit  must  be  kept  out  of  the  trumpet.     If  (his  be  all  ad- 
d,  it  will  be  found  that  a  conical  trumpet,  made  by  the 
iding  rules,  will  dissipate  the  reflected  sounds  much  less 
D  the  parabulic. 
Thus  far  have  we  proceeded  on  the  fair  consequences  of 
D  well  known  fact,  that  echoes  are  reflected  in  the  sama 
9  light,  without  engaging  in  the  intricate  inrestt- 
n  of  aerial  undulations.     Whoever  considers  the  New- 
ian  theory  of  the  propagation  of  sound  with  intelligence 
i  altentiot),  will  see  that  it  is  demonstrated  solely  in  the 
•  of  a  single  row  of  particles  ;  and  that  all  the  general 
rolUries  respecting  the  lateral  diffusion  of  the  elastic  un- 
ions are  little  more  than  sagacious  guesses,  every  way 
f  of  the  illustrious  author,  and  beautifully  confirmed 
f  whttt  we  can  most  distinctly  and  accurately  observe  in 
t  drcular  waves  on  the  surtiice  of  still  water.     But  tliey 
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are  by  no  incan<%  fit  for  becomiDg  the  fotindatkm  of  inj 
doctrine  which  lays  the  smallest  cUum  to  the  title  <if  aocnnie 
science.  We  really  know  exceedingly  bttle  of  the  theory  of 
aerial  undulations ;  and  the  confcHmity  of  the  phenoDKH 
of  ftound  to  these  guesses  of  Sir  Isaac  Newton  has  alwap 
l)een  a  matter  of  wonder  to  every  eminent  and  candid  ina- 
theniaticuin ;  and  no  other  should  pretend  to  judge  of  the 
in<ittcr.  This  wonder  has  always  been  acknowledged  by 
Daniel  Bernoulli;  and  he  is  the  only  person  who  has  nude 
any  addition  to  the  science  of  sounds  that  is  worth  mentioii- 
ing.  For  such  we  must  always  esteem  his  doctrine  of  the 
secondary  undulations  of  musical  cords,  and  the  seooodaiy 
pulses  of  air  in  pifK^s.  Nothing  therefore  is  more  uovar- 
rantablo,  or  more  plainly  shews  the  precipitant  presumptioii 
iif  modern  sciolists,  than  the  familiar  use  of  the  general 
theory  of  aerial  undulations  in  their  attempts  to  explain  the 
abstruse  phenomena  of  nature  (such  as  the  (x>mmumeatioDof 
sons:ition  from  the  organ  to  the  sensoriiim  by  the  TilmUioiis 
of  a  nervous  fluid,  the  reciprocal  communication  of  theT»> 
litions  fnnn  the  sensorium  to  the  muscle,  nay,  the  whole  phe- 
nomena of  mind),  bv  vibrations  and  vibratiunculxe. 

Tlu^e  who  have  endeavoured  to  improve  the  spealdog 
trumivt  on  mechanical  principles,  have  generally  aimed  it 
increasing  the  violence  of  the  elastic  undulations,  that  they 
m.iy  make  a  more  forcible  impulse  on  the  ear.     This  is  the 
object  in  view  in  the  parabolic  tnmipet.     All  the  uodula- 
lions  are  ciMivorteil  into  others  which  are  in  planes  perpeo- 
dior.l.ir  t«^  tl.e  axis  of  the  instrument ;  so  that  the  same  little 
mr.ss  of  ;ur  :<  ac^T.iUvi  a£*a:n  and  asain  in  the  same  di.nectioa 
From  ih>  it  is  oi>\iojs  i.^  cx.^r>c!ude.  iba:  the  lOTii  agxtatkMi 
V  \\\  Iv  more  v.ol^r.i.     Bu:,  ia  the  Srs^t  place,  these  vioieat 
ap:au.ws  mu:^  d.3*.:>e  themselves  laierxlij  as  soon  as  they 
p^t  out  of  the  ir*:r.Vjv:,  ani  tbu*  S?  we&kcSfd  ia  a  propar- 
t^>n  that  is  jx-rhips  :rr.rv>>v:":\t  for  ibt  xdos  expert  analyst  Id 
dotormino.    Ru:.  mariV-^ir.  vi  &T«-nDi  ^j&aez'^j  acqniint" 
cd  ^ith  the  mechanises  o:  ibt  verr  £rsi  mrnarkm^  to  be  dk 
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to  perceive  what  conformation  of  the  trumpet  will  cause  ilie 
reflected  undulations  to  increase  the  first  undulations,  or  to 
check  iheni.  For  it  must  happen,  during  the  protluction 
of  a  continued  sound  in  a  trumpet,  tliat  a  parcel  of  air, 
which  is  in  a  state  of  progressive  agitaUon,  as  it  makes  a 
pulse  of  one  Kound,  may  be  in  a  state  of  retrograde  agitation, 
as  it  is  part  of  a  jiulse  of  air  producing  another  sound.  We 
cannot  (at  lea^t  no  malhematician  has  yet  done  it)  discri* 
minate,  and  then  combine  tliese  agitations,  with  tlie  intelli- 
gence and  precision  that  are  necessary  for  enabling  us  to 
say  what  is  the  ultimate  accumulated  efll-ct.  Mr.  Lambert 
therefore  did  wisely  in  abstaining  frnm  this  intricate  inves- 
tigatioo ;  and  we  arc  highly  obliged  to  him  fur  deducing 
&uch  a  body  of  demonstrable  doctrine  from  the  acknowledge 
«d|,but  ill  understood,  fact  of  the  reflection  of  echoes. 
^toV^e  know  that  two  sounds  actually  cross  each  other  with- 
H|t  any  mutual  disturbance;  for  we  can  hear  either  of  then\ 
mBtioctly,  provided  tlie  other  is  not  so  loud  as  to  to  stun  our 
ears,  in  the  same  manner  as  the  glare  of  the  sun  dazzles  our 
eyes.  We  may  therefore  depend  on  all  the  consequences 
which  are  legitimately  deduced  from  this  fact,  in  ihe  same 
manner  as  we  depend  on  the  science  of  catoptrics,  which  is 
all  deduced  from  a  fact  jwifcctly  similar,  and  as  little  under- 
stood. 

But  ibe  preceding  pru)Msitions  by  no  means  explain  or 
comprehend  all  the  i  tin  force  ni  en  t  of  sound  which  is  really 
obtained  by  means  of  a  speaking  trumpet.  In  the  (irst 
{dace,  although  we  cannot  tell  in  what  degree  the  aerial  un- 
dnifllions  are  increased,  we  cannot  doubt  that  tlic  rcflec- 
;h  are  made  in  directions  which  do  not  greatly  de- 
1  the  axis,  do  really  increase  the  agitation  of  the 
s  of  air.  We  see  a  thing  perfectly  similar  to  this  in 
«  on  water.  Take  a  long  slip  of  lead,  about  two 
!»broBd,and  having  beni  it  into  the  form  of  a  guirabula, 
it  into  a  large  Hat  trough,  in  which  the  water  is  about  an 
k  deep.     Let  a  quick  iiuccc&siun  of  small  drops  of  water 
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fad  precisely  on  the  ibcu&  of  the  pinMa.     Wc  d«l  Mf 
the  circular  wave^  proceedl^  from  th«  t&OBM  iB  uawHii 
inU>  waves  perpendicular  to  the  axis  3  '  tad  we  dMll  b^ 
qtiently  we  tUcne  straiglit  waves  coDsidcffdUy  magaimeik 
their  height  and  force.    We  say  genertdly,  for  we  im 
sometimes  olxierved  that  these  reflected  wates  wale  att  i» 
silily  stron^r  than  the  circular  or  origmal  waves.    Wtf  Al 
not  exactly  know  to  what  this  differebce  ttiist  be  aiarMt 
we  are  dif^posed  to  attribute  it  to  the  frequency  df the Ai|b 
This  may  be  Aiich,  that  the  intenral  of  time  betweea  mk 
drfy[>  18  pnt^ciKcly  equal,  or  at  least  oomrnensurahle^  to  Ae 
time  in  which  the  waives  run  over  their  own  breadth    Tb 
IB  a  firetty  experiment;   and  the  ingenious  lechsaigtt 
may  make  others  of  the  same  kind  which  will  gMdy  il- 
luBtrate  scvoral  difficult  points  in  the  science  of  ssuadk  Wff 
may  conclude,  in  general,  that  the  reflection  of  sbuods^  in 
a  trumpet  of  the  usual  shapes,  is  accompanied  bj  ft  rat 
increase  of  the  aerial  agitations ;    and  in  sooie  paitieahr 
cases  wc  find  the  sounds  prodigiously  increased.    Tto 
when  wo  blow  through  a  musical  trumpet,  andalkwda 
air  to  take  that  uniform  undulation  which  can  be  best  mis- 
tuincil  in  it,  namely,  that  which  produces  its  muned  tsac^ 
where  tile  wliolc  tube  contains  but  one  or  two  unduhtkn^ 
tlio  ngitatiuu  of  a  |)article  must  then  be  very  great;  sad  it 
must  (ieficribc  a  very  considerable  line  in  its  oscSlatiMB. 
When  we  suit  our  blast  in  such  a  manner  as  to  condte 
this  note,  that  is,  this  undulation,  we  are  certain  that  tk 
8ul)siHiuent  agitations  conspire  with  the  preceding  agilafkiB, 
and  angnuMit  it.     And  accordingly  we  find  that  the  soad 
is  increased  to  a  prodigious  degree.      A  cor-de^chaBse,  or  1 
bnglo  Itorn,  when  properly  winded,  will  almost  deafen  At 
car  ;   and  yet  the  exertion  is  a  mere  nothing  in  unupMiaa 
with  what  we  nvikc  wiien  bellowing  with  all  our  ferae,  bst 
with  nm  the  tenth  part  of  the  noise.     We  also  know  thit  if 
wc  s|wak  through  a  speaking  trumpet  in  the  key  vkidi 
convs|xinds  with  its  dimensions,  it  is  much  moce  aii£He 
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ten  when  we  itpeok  in  a  different  pilch.  The*e  observa. 
mttn  shew,  that  the  luudncBs  of  a  spvakiiig  trumpet  nrisei 
pm  something  mure  than  the  sole  reflection  of  (xhocs  con- 
manA  by  Mr.  I^unbert— the  very  echoes  are  rendered 
Hdor. 

Kin  the  next  place,  the  sounds  are  increased  by  tlie  vibra- 
■ns  of  the  trumpet  itself.  The  clastic  matter  of  the  trum* 
■t  is  thrown  intoUvmors  by  the  undulations  which  proceed 
km  Uic  mouth-piece.  These  tremors  produce  pulses  in  the 
fanUgiious  air,  both  in  the  inside  of  the  trumpet  and  on  that 
Koh  surrounds  it.  These  undulations  within  the  trumpet 
hteduce  original  sounds,  which  are  added  to  the  reflected 
kinds  :  for  the  tremor  continues  for  some  little  time,  per* 
Mil  the  time  uf  three  or  four  or  more  pulses.  This  must 
Bcrease  the  loudness  of  the  subsequent  pulses.  We  cannot 
Inr  to  what  degree,  because  we  do  not  know  the  force  of 
pte  tremor  which  the  part  of  the  trumpet  acquires :  but 
le  know  that  these  sounds  will  not  be  magnified  by  the  trum- 
IH  Io  the  same  degree  as  if  they  had  come  from  the  moutli- 
■eee :  for  they  are  reflected  as  if  tliey  had  come  from  tlie 
luface  of  a  sphere  which  passes  through  the  agitated  pmnt 
if  the  trumpet,  In  short,  they  are  magnified  only  by  that 
krt  of  the  trumpet  which  lies  without  them.  The  whole 
btiitda  of  this  kind,  therefiire,  proceed  as  if  they  came  from 
ntanrlber  of  concentric  spherical  surfaces,  or  from  a  solid 
Miere,  whose  diameter  is  twice  the  length  of  the  tntmpet 

B  All  these  agitations  arising  from  the  tremors  of  the  trum- 
Ik  tend  greatly  to  hurl  the  distinctness  of  articulation ;  be- 
kiilia.  coming  from  different  points  of  a  large  sphere,  they 
ptrive  at  the  ear  in  a  senMbIc  succession  ;  and  thus  change  a 
nbmentary  articulation  to  a  lengthened  sound,  and  give  the 
iqipearanceof  a  number  of  voices  uttering  the  same  words  in 
sucjcesNion.  It  is  in  this  way  that,  when  we  clap  our  hands 
a  long  rail,  we  get  an  echo  fmm  each  post, 
produces  a  chirjHng  sound  of  loine  continuance.    l-"or 


sucjces!' 
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these  reasons,  it  is  found  advantageous  to  check  all  tranon 
of  the  trumpet  by  wrapping  it  up  in  woollen  list&  Thitii 
also  necessary  in  the  mu^i(.'al  trumpet. 

With  respect  to  the  undulations  produced  by  tbetrems 
of  the  trumpet  iu  the  air  contiguous  to  its  outude,  they  abo 
hurt  the  articulation.  At  any  rate,  this  is  so  much  of  the 
sonorous  momentum  uselessly  emplojed  ;  because  they  mt 
diffused  like  comaion  sounds,  and  reoeiTe  no  augmentatioa 
from  the  trumpet. 

It  is  evident,  that  this  instrument  may  be  used  (and  ac- 
cordingly was  so)  for  aiding  the  hearing ;  for  the  sooonn 
lines  are  rcflectcd  in  either  directioo.  We  know  thit  all 
tapering  cavities  greatly  increase  external  noises;  and  we 
observe  the  brutes  prick  up  their  ear^  when  they  want  to 
hoar  uncertain  or  £iint  sounds.  They  turn  them  in  ndi 
directions  as  are  best  suited  for  the  reflection  of  the  aoond 
from  the  quarter  whence  the  animal  imagines  that  it  oonM. 
Let  us  apply  Mr.  Lambert's  principle  to  this  very  inte- 
rostai^;  case,  and  e!uur.:no  whether  it  be  possible  to  assist 
dull  ht  Jinug  in  like  manucr  as  the  optician  has  assisted  im- 
perfcvl  >ighi. 

The  <ubiec:  i>  «jreauv  >:miki£ed  bv  the  circumstances  of 
tlie  case;  tor  the  sounds  to  vhich  we  listen  generally  oome 
ill  nearly  one  direction,  and  all  that  we  have  to  do  is  to  pro- 
dace  a  constipation  of  iheis.  And  we  mav  conclude,  that 
the  audibiliiy  will  bo  ]  rorvnioaai  to  this  constipation. 

Thcrvilw  let  ACB.  Plkie  \  L  fig.  6.  be  the  cone,  and  CD 
us  a\i.<  The  sound  n:jv  i>>  conceived  as  coming  in  thedi- 
rtxtkni  RA,  piraiiei  t.^  ihe  ax:^  and  to  be  reflected  io  the 
jv;nt>  A,  t\,  i\  d  f .  :ill  .he  as^le  oi' incidence  increases  to  90^; 
a:tcr  uhioh  the  subs*:...  cr.:  nrt:cv:tions  send  the  sound  out 
ai:.i::i.  \\  o  mus:  thcTi . ..r :  cu:  on  a  part  ot'  the  cone ;  and, 
Ivvaux.'  the  lines  icvr-.^fs?  their  an^ie  of  incidence  at  each 
rcticvaon.  ii  will  Ik  i  .v«:>cr  ;.^  aiake  ihe  angie  of  the  cone 


a-*  A,\|uo:  i>art  of  9i  -,  in:  :_  leas;  iocidecce  mavamoum 
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^^■tMriy  to  that  quanuty.  What  part  of  the  cone  should 
*^  cut  off  may  be  determined  by  the  former  principles. 

CA  ■  sin.  a 
(ill  the  angle  ACD,  a.     We  have  C  c  =sui.(iin  +  l  )a'' 

"hen  Uie  sound  gets  the  last  useful  reflection.     Then  we 

I  {live  the  diameter  of  the  mouth  AB  =  2  CA  ■  an.  a,  and 
bt  of  the  other  end  ef  =  C  e  •  •£  tin.  a.  Therefore  the 
pnds  will  be  constipated  in  the  ratio  of  CA*  to  C  e*,  and 
he  trumpet  will  bring  llie  speaker  nearer  in  the  ratio  of 
CA  to  C  c. 

When  the  lines  of  reflected  sound  are  thus  brought  to- 
getiier,  they  may  be  received  into  a  small  pipe  perfectly  cy- 
lindrical, which  may  be  inserted  into  the  external  ear.  This 
will  not  change  their  angles  of  inclination  to  the  axis  nor 
their  density.  It  may  be  convenient  to  make  the  internal 
diaiKeter  of  this  pipe  ^  of  au  inch.  Therefore  C  e  ■  sin.  a 
ia=  ^  of  an  inch.  This  circumstance,  in  conjunction  with 
the  magnifying  power  proposed,  determines  the  other  di- 

1 
aensions  of  the  hearing  trumpet.     For  C  e  =  g-^j~^  = 

CA  sin.  8  _  sin.  {2  n  +  1)  a 


,  and  CA  = 


(isin. 


sin.  (2n  +  l)<i 

Tlius  the  relation  of  the  angle  of  the  cone  and  the  length 
of  llie  instrument  is  ascertained,  and  the  sound  is  brought 
neairerinlheralioof  CA  to  C  e,  or  of  ain.  (3  n  +  l)a  tosin. 
0.  And  seeing  that  we  found  it  proper  to  make  (2  n  +  I) 
a  =  !W*,  we  obtain  this  very  simple  analogy-  1  :  sin.  o  = 
CA  :  C  c.  And  the  sine  of  f  the  angle  of  the  cone  is  to 
radius  aa  1  to  the  approximating  power  of  the  instrument. 

Thus  let  it  be  required  that  the  sound  may  be  as  audible 

« if  the  voice  were  twelve  times  nearer  This  gives -^  =  1«- 


1^ 


gives  sin.  "^=12'  ^""^  " 
ooi>e=9*3i'.  ThenCA: 


=  4*  47',  and  the  angle  of 

1  1  144 

-6sin.  'a  —6  X  t4t"    ^     ' 
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=24.    Therefore  the  length  of  the  ccine  is  S4  nirfies.  Fnn 

CA 

this  take  C  e  =   jT  =  2,  and  the  length  of  the  truna 

is  32  inches.  The  diameter  at  the  mouth  is  8  C  «,  ^ 
inches.  With  this  instrunicnt  one  voice  should  he  u  | 
as  Hi. 

If  it  were  required  to  approximate  the  sound  onl^l 
times,  making  il  16  times  stronger  than  tlie  natural 
at  the  same  distance,  the  angle  ACB  must  be  29";  Ai 
he  2  inches,  AB  must  be  Ijd  inches,  and  e^miut 
of  an  inch. 

It  is  easy  to  see,  that  when  the  eize  of  the  ear-end  ■ 
same  in  ail,  the  diameters  at  the  outer  end  are  proj 
to  the  appruxtmating  powers,  and  the  length  of  the 
proportional  to  the  magnifying  powers. 

We  shall  find  tlie  parabolic  conoid  the  prefemhh 
for  an  acoustic  trumpet;  because  the  sounds  c<Hiie 
instrunient  in  a  direction  parallel  to  the  axis,  they  an  » 
fleeted  so  as  to  pass  through  the  focus.     The  parabolic  »»■ 
oid  must  iherelbre  be  cut  off  through  the  focus,  dial  il" 
sounds  may  not  go  out  again  by  the  subsequent  reBeclioBi; 
and  they  must  be  received  into  a  cylindrical  pipe  of  jd  of 
an  inch  in  diameter.    Therefore  the  parameter  of  this  pBfr 
bola  is  Jd  of  an  inch,  and  the  focus  is  Ath  of  an  inckfioB 
the  vertex.  This  determines  the  whole  instrument ;  fbrdicj 
are  all  portions  of  one  parabolic  conoid.      Suppose  ihtl  At 
instrument  is  required  lo  approximate  the  sound  l?tiiDR 
as  in  the  example  of  the  conical  instrument.      The  oritatt 
at  the  mouth  must  be   Ig  times  the  6th  of  an  inc; 
inches ;  and  the  mouth  diameter  is  4  inclies,  as  inth 
cal  instrument.     Then,  for  the  length,  observe,  that 
Plate  VI.  Fig.  7.  is  Jlh  of  an  inch,  and  MP  is  8  inche 
AC  is  Alh  of  an  inch  and  DC* :  MPi  =  AC :  AP.  This  dl 
give  AP  =  IS  inches,  and  CP  =  lUJths;  wheroa»  inik 
conical  lube  it  was22.  IiiHkemanDeran  instrument  which  if 
proximates  die  sounds  4  times,  is  c 
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1  Jdi  inches  diameter  at  tlie  big  end.  ^uch  small  instruments 
may  be  very  exactly  made  in  the  parabohc  form,  and  are  cer- 
tainly preferable  to  the  conical.  But  since  even  these  are  of  a 
»ery  moderate  size  when  intended  to  approximate  the  sound 
only  a  few  times,  and  as  they  can  be  accurately  made  by 
any  tin-man,  they  may  be  of  more  general  use.  One  of  18 
indies  long,  and  3  inches  wide  at  the  big  end,  should  ap- 
proxinuiie  the  sound  at  least  9  times. 

Agtnerid  ruk  for  making  tlirm. — Let  m  express  the  ap- 
proximating power  intended  for  the  instrument.  The  length 

m  X  w —  ' 
of  ibe  instrument  in  inches  is  — ^ ,  and  the  diameter 

m 
it  the  mouth  is  -3 .     The  diameter  at  the  small  end'  is  al> 

mys  f  of  an  inch, 

la  trumpets  for  assisting  the  bearing,  all  reverber.ntion  of 
the  trumpet  must  be  avoided.  It  must  be  made  thick,  of 
the  least  elastic  materials,  and  covered  with  cloth  externally. 
For  all  reverberation  lasts  for  a  short  time,  and  produces 
new  sounds  which  mix  with  those  thai  are  coming  in. 

We  must  also  observe,  that  no  acoustic  trumpet  can  se- 
parate those  sounds  to  which  we  listen  from  others  that  are 
made  in  the  same  direction.  All  are  received  by  it,  and 
magnilied  in  the  same  proportion.  This  is  frequently  a  very 
great  inconvenience. 

There  is  also  another  imperfection,  wllich  we  imagine 
cannot  lie  removed,  namely,  an  odd  confusion,  which  can- 
not be  called  indistinctness,  but  a  feeling  as  if  we  were  in 
the  midst  of  an  echoing  room.  The  cause  seems  to  be  this  : 
Hearing  gives  us  some  perception  of  the  direction  o  the 
flounding  object,  not  indeed  very  precise,  but  sufficiently  so 
for  most  purposes.  In  all  instruments  which  we  have  de- 
scribed for  constipating  sounds,  the  last  reflections  are  made 
in  directions  very  much  inclined  to  the  axis,  and  inclined  in 
many  difti;rent  degrees.  Therefore  they  have  the  appear- 
ance of  coming  from  different  quariers ;  and  initead  of  the 
perception  of  a  single  speaker,  we  have  that  of  a  bounding 
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surfsce  of  great  extent  We  do  not  know  any  metliod  of 
preventiDg  this,  and  at  the  same  time  increasing  the  sound. 

There  is  sn  o)>ser\-ation  whicli  it  i.sofimpuriance  to  make 
on  this  ttieory  of  aeuustic  instruments.  Their  performance 
does  nut  seem  to  correspond  to  the  computations  founded 
on  the  theory.  When  they  are  tried,  we  cannot  think  tliat 
tliey  magnify  so  much  :  Indeed  it  is  not  easy  tu  find  a  mea- 
sure by  which  we  can  estimate  the  degrees  of  audibility. 
When  a  man  speaks  to  us  at  the  distance  of  a  yard,  and  then 
at  the  di«lance  of  two  yards,  we  can  hardly  think  that  there 
is  any  difference  in  the  loudness ;  thougti  theory  says,  that 
it  is  four  times  less  in  the  last  of  the  two  experiments  ;  and 
we  cannot  but  adhere  to  the  theory  in  this  very  simple  case, 
and  must  attribute  the  difference  to  the  impossibility  of  mea- 
suring the  loudne&s  of  sounds  wilh  precision.  And  because 
we  are  familiarly  acquainted  with  the  sound,  we  can  no  more 
think  it  four  times  less  at  twice  the  distance,  than  we  can 
think  the  visible  appearance  of  a  man  four  times  lesA  when 
be  is  at  a  quadruple  distance.  Yet  He  can  completely  con- 
vince ourselves  of  this,  by  observing  that  he  covers  the  ap 
pearance  of  four  men  at  that  distance.  We  cannot  easily 
make  the  surne  experiment  with  voices. 

But,  besides  this,  we  have  compared  two  hearing  Imnipets, 
one  of  which  should  have  made  a  sound  as  audible  at  th«  dt^ 
tance  of  40  feet  as  the  other  did  at  1 0  feet  distance ;  bul  we 
thought  them  ei]ual  at  the  distance  of  40  and  18.  The  result 
was  the  same  in  many  trials  made  by  different  persous,  and  in 
different  circumstances.  This  leads  us  to  suspect  some  niia- 
lakein  Mr.  Lambert's  principles  of  calculation  i  and  we  think 
him  mistaken  in  the  manner  of  estimating  the  intensity  of 
the  reflected  sounds.  He  conceives  Ihe  pru|>urtionoftDl«ii- 
sily  of  the  simple  vuice  and  of  the  trumpet  to  be  the  same 
witli  that  of  the  Burfuce  of  the  mouth. piece  to  the  surface  of 
the  sonorous  hemisphere,  which  he  has  so  ingeniously  sub- 
sUluted  for  the  trumpet.  But  this  seems  to  suppose,  that 
the  whole  surface>  generated  by  the  revoluuoa  of  the  quad- 
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nntal  arch  TEG  round  the  axis  C6  (Plate  VI.  %  4v\  is 
equallj  sonorous.  We  are  assured  that  it  is  not ;  For  ^ven 
if  we  should  suppose  that  each  of  the  points  Q,  R,  and  S 
(Plate  VI.  fig.  3.),  are  equally  sonorous  with  the  point  P, 
these  points  of  reflection  do  not  stand  so  dense  on  the  surface 
of  the  sphere  as  on  the  surface  of  the  mouth- piece.  Suppose 
them  arranged  at  equal  distances  all  over  the  mouth-piece, 
tbey  will  be  at  equal  distances  also  on  the  sphere,  only  in  the 
direcUon  of  the  arches  of  great  circles  which  pass  through 
the  oratre  of  the  mouth-piece.  But  in  the  direction  perpen- 
dicular to  this,  in  the  circumference  of  small  circles  having 
the  centre  of  the  mouth-piece  for  their  pole,  they  must  be 
larer  in  the  proportion  of  the  sine  of  their  distance  from  this 
pole.  This  is  certainly  the  case  with  respect  to  all  such 
aomids  as  have  been  reflected  in  the  planes  which  pass 
dirough  the  axis  of  the  trumpet ;  and  we  do  not  see  (for  we 
liCTe  not  examined  this  point)  that  any  compensation  is  made 
bj  the  reflexion  which  is  not  in  planes  passing  through  the 
oil.  We  therefore  imagine,  that  the  trumpet  does  not  in- 
cnaae  the  sound  in  the  proportion  of  ^  £«  to  ^  T*  (Plate 

VL  flg.  6.),  but  in  that  of  XjE  ^^  CTT* 

Mr.  Lambert  seems  aware  of  some  error  in  his  calculation, 
nd  proposes  another,  which  leads  nearly  to  this  conclusion, 
bat  founded  on  a  principle  which  we  do  not  think  in  the 
\eut  applicable  to  the  case  of  sounds. 


MARINE  TRUMPET. 


This  is  a  stringed  instrument,  invented  in.the  16th  century 
by  an  Italian  artist  Marino  or  Marigni,  and  called  a  trum-' 
petf  because  it  takes  only  the  notes  of  the  trumpet,  with  all 
its  omissions  and  imperfections,  and  can  therefore  execute 
only  such  melodies  as  are  fitted  for  that  instrument.  It  is 
a  very  curious  instrument,  though  of  small  musical  powers, 
because  its  mode  o(  performance  is  totally  unlike  tliat  of 
other  stringed  instruments ;  and  it  deserves  our  very  parti- 
cular attention,  because  it  lays  open  the  mechanism  of  musi- 
cal sounds  more  than  any  thing  we  are  acquainted  with ; 
and  we  shall  therefore  make  use  of  it  in  order  to  communi- 
cate to  our  readers  a  philosophical  theory  of  music,  which 
we  have  already  treated  in  detail  as  a  liberal  or  scienti6c  art 
The  trumpet  marine  is  commonly  made  in  the  form  of  a 
long  triangular  pyramid,  ABCD,  (Plate  VI.  fig.  8.)  on  which 
a  angle  string  EFG  is  strained  over  a  bridge  F  by  means  of 
the  finger  pin  L.  At  tlie  narrow  end  are  several  frets  1 ,  8, 
3,  4, 5,  &&  between  £  and  K,  wluch  divide  the  length  £F, 
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Ito  aliquot  parts.  Thus  E  1  is  V«  of  EF,  E  2  is  ^,  and 
»  on.  The  bow  is  drawn  lighlly  across  llie  cord  at  H,  and 
^  string  is  stopped  by  pressing  it  witb  the  finger  immedi- 
lely  above  the  t'reis,  but  not  so  hard  as  to  make  it  touch 
pe  fret.  When  the  open  string  is  sounded.  It  gives  the 
Imdamental  note.  If  ii  be  stopped,  in  the  way  now  dc- 
■ibed,  at  |d  of  its  length  from  E,  it  yields  tlie  I2lh  of  the 
kndamenUl ;  if  stopped  at  ^ih,  it  gives  the  double  octave ; 
iat  i-th,  it  gives  the  17lh  mujor,  Stc.  In  short,  it  always 
Ires  the  note  corresponding  to  the  length  of  the  part  be- 
^n  tlie  fret  and  the  nole  E.  The  sounds  resemble  those 
Fb  pipe,  and  arc  indeed  the  same  with  tliose  known  by  the 
ime  harmanici,  and  now  executed  by  every  performer  on 
Mtruments  of  tlie  viol  or  vioUn  species.  But  in  order  to 
Icreaae  the  noise,  the  bridge  F  is  constructed  in  a  very  par- 
Ipilar  manner.  It  does  not  rest  on  the  sound-board  of  the 
Mrument  through  its  whole  breadth,  but  only  at  the  cor- 
^  0,  where  it  is  firmly  fixed.  The  other  extremity  is  de- 
tehed  about  ,{o^^  of  an  inch  from  tl^e  sound-board;  snd 
Ina  the  bridge,  being  made  to  tremble  by  the  strong  vibra- 
pn  of  the  thick  cord,  rattles  on  the  sound-board,  or  on  a 
It  of  ivory  glued  to  it.  The  usual  way  in  which  this  mo 
ki  is  procured,  is  to  have  another  string  passing  under  the 
Iddle  of  the  bridge  in  such  a  manner  that,  by  straining  it 
|bt,  we  raise  the  comer  b  from  the  sound-board  to  the  pro- 
jr  height.  This  contrivance  increases  prodigiously  the 
■se  of  the  instrument,  and  gives  it  somewhat  of  the  smart 
nnd  of  the  trumpet,  though  very  harsh  and  coarse.  But 
jnerits  the  attention  of  every  person  who  wishes  to  know 
ty  thing  of  the  philoiiophy  of  musical  sounds,  and  we  shall 
srefore  say  as  much  on  the  subject  as  wilt  conduce  to  this 

)G«)ileo,  as  we  have  observed  in  the  article  Tempeiiament, 
H  the  first  who  discovered  the  real  connection  between 
Ufaematics  and  music,  by  demonstrating  that  the  times  of 
■  vibrations  of  elastic  curds  of  the  same  matter  and  size. 


and  stretched  by  equal  weights,  are  proportional  to  the  lengthi 
of  the  strings.  He  inferred  from  this  that  the  musical  pitdi 
of  the  sound  produced  by  a  stretched  cord  depended  solely 
on  the  frequency  of  the  vibrations.  Moreover,  not  being 
able  to  discover  any  other  circumstance  in  which  thaw 
sounds  physically  resembled  each  other,  and  n-fiecting  that 
all  sounds  are  immediately  produced  by  agitations  of  air  »cU 
ing  on  the  ear,  he  concluded  that  each  vibration  of  the  cwd 
produced  a  sonorous  pulse  in  the  air,  and  therefore  that  tht 
pitch  of  any  sound  whatever  depended  on  the  frequency  of 
the  aerial  pulses.  In  this  way  alone  the  sound  of  a  string, 
of  a  bell,  of  an  organ  pipe,  and  the  bellow  of  «  bull,  may 
have  the  same  pitch.  He  could  not,  however,  demon&Inte 
this  in  any  case  but  the  ont  above  mentionod.  Hat  hewu 
encouraged  to  hope  that  mathematicians  would  be  able  to 
demonstrate  it  in  all  cases,  by  his  having  obscn'ed  that  the 
same  proportions  obtained  in  organ  pipes  a»  in  strings 
sUelched  by  equal  weights.  But  it  required  a  great  pro- 
gress in  mechanical  philosophy,  from  the  state  in  which 
Galileo  found  it,  before  men  could  speculate  and  reason  coo- 
cerning  the  pulses  of  air,  and  discover  any  analogy  between 
them  and  the  vibrations  of  a  string.  This  analogy,  how- 
ever, was  discovered,  and  its  demonstration  completed,  m 
we  shall  see  by  and  by.  In  the  mean  time,  Galileo's  demon- 
stration of  the  vibrations  of  elastic  cords  became  the  founds 
tion  of  all  musical  philosophy.  It  must  be  thoroughly  utv 
derstood  before  we  can  explain  the  performance  of  the  trum- 
pet marine. 

The  demonstration  of  Galileo  is  remarkable  for  that  becu- 
tiful  simplicity  and  perspicuity  which  distinguish  all  the 
writings  of  that  great  mechanician,  and  it  is  the  elementary 
proposition  in  all  mechanical  treatises  of  music.  Few  ofllMOi 
indeed  conlain  any  thing  more ;  but  it  is  exlremvly  imper- 
fect, and  is  just  only  on  the  supposition  that  all  the  maitrc 
of  the  string  is  collected  at  its  middle  point,  and  that  thereat 
of  it  has  elasticity  without  intrlia.      This  did  nut  suit  the 
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Kointe  knnwit'dge  nftlie  )7lh  century,  after  lluyglieti!) 
■od  Ntwton  ha(l  given  the  world  a  taste  of  what  might  be 
Ame  by  proseruiing  the  Galilean  mechanics.  When  a  mu- 
*iral  oord  has  its  middle  point  drawn  aside,  and  it  is  strain- 
td  into  the  shape  of  Iwo  strait  hnes,  if  it  be  let  go,  it  will 
bo  observed  not  to  vibrate  in  this  form.  It  may  easily  be 
•wn  in  the  exlremily  of  its  excursions,  where  it  rests,  before 
11  retiime  by  its  cla^ticily.  The  reason  is  this  (sec  Plate  VI. 
fig.  9.)  Whtn  the  middle  point  C  of  the  cord  is  drawn 
aside,  and  the  cord  has  the  form  of  tWo  straight  lines  AC, 
CB,  this  point  C,  being  pulled  in  the  directions  CA,  CB, 
at  once,  is  really  accelerated  in  the  direction  CH,  which  bi- 
wcts  the  angle  ACB  ;  and  if  it  were  then  detached  from  the 
rest  of  the  material  cord,  it  would  move  in  that  direction. 
But  any  other  pointy"ljetween  C  and  B  has  no  accelerating 
force  whatever  acting  on  it.  It  is  equally  pulled  in  the  di- 
rectionsy  C  and  /"  B.  The  particle  C  therefore  is  obliged 
to  drag  along  with  it  the  inert  matter  of  the  rest  of  (he  cord  ; 
«nd  when  it  has  come  to  any  intermctliate  situation  f,  the 
cord  cannot  have  the  form  of  two  straight  lines  A  c,  c  B,  with 
the  particle /situated  in  f.  This  particle  will  beleft  some- 
what  behind,  as  in  9,  and  the  cord  will  have  a  curved  form 
A  c  f  B ;  and  in  this  form  it  will  vibrate,  going  to  the  otiier 
aide,  and  assuming,  not  the  rectilineal  form  AUB,  but 
the  curved  form  A  )  B.  That  every  particle  of  the  curve 
A  *  e  y^  B  is  now  accelerated  toward  the  axis  AB  is  evident, 
because  every  part  is  curved,  and  the  whole  is  strained  to- 
ward A  and  B,  which  tends  to  straiten  every  part  of  it.  But 
in  order  that  the  whole  mav  arrive  at  the  axis  in  one  mo. 
aent,  and  constitute  a  straight  line  AB,  it  is  evidently  ne- 
CKsary  that  the  accelerating  force  on  every  particle  be  as  the 
distance  of  the  particle  from  that  point  of  the  axis  at  which 
it  arrives.  It  is  well  known  to  the  mathematician  that  tlic 
Accelerating  force  by  which  any  particle  is  urged  towards  a 
etilincal  position,  with  respect  to  the  adjoining  particle;., 
mrlional  to  the  curvature.     Our  readers,  who  are  not 
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familiar  with  such  discussions,  may  see  the  truth  of  thisfin^ 
damental  proposition  by  coDsidering  tlie  whole  uf  A  c  fi  u 
only  a  particle  or  niinute  portiou  of  a  curve,  niagnitied  by  a 
microscope.  The  force  whicli  strains  the  curve  may  be  r^ 
presented  by  r  A  or  AE.  Now  it  is  well  known  (and  is  the 
foundation  of  Galileo's  demonstration)  that  the  straining  force 
is  to  the  force  with  which  c  is  accelerated  in  the  direction  eE 
as  A  c  to  c  D,  or  as  AE  to  c  D,  or  as  AE  to  twice  c  E,  Now  c  E 
is  the  measure  of  the  curvature  of  A  c  B,  being  its  deflection 
from  a  right  line.  Therefore  when  the  straining  force  is  the 
same  all  over  the  curve,  the  accelerating  force,  by  which  any 
poriioQ  of  it  tends  to  become  straight,  is  proportional  to  the 
curvature  of  that  portion.  And  if  r  be  the  radius  of  a  circle 
passing  through  A,  c,  and  B,  and  coinciding  with  this  el& 
ment  of  a  cui-^e,  it  is  plain  that  cD:cA  =  cA:r,  or  that 
the  radius  of  curvature  is  to  the  clement  c  A  as  the  extend- 
ing force  to  the  accelerating  force ;  and  c  D  =  — —  ;  and  i* 

inversely  as  r,  or  directly  as  the  curvature, 

l^ence  we  see  the  nature  of  that  curve  which  a  muticil 
cord  must  have,  in  order  that  all  its  parts  may  arrive  at  tbc 
axis  at  once.  The  curvature  at  c  must  be  to  the  curvature 
a.tj'as  E  c  tog-/'.  But  this  may  not  be  enough.  It  is  far- 
ther necessary  that  when  c  has  got  half  way  to  E,  the  cur- 
vature in  the  different  puinls  of  the  new  curve  into  which 
the  L'ord  has  now  arranged  itself,  be  also,  in  every  paint, 
pro]}ortional  to  the  distance  from  the  axis.  Now  this  iu7/be 
the  case  If  the  extreme  curve  has  been  sucb.  For,  taking 
the  cord  in  any  other  successive  shape,  the  distance  whicli 
each  point  has  gone  in  the  same  moment  must  be  proportion- 
al to  the  force  which  impelled  it;  therefore  the  reniainiog 
(iislances  of  all  the  points  from  the  axis  will  have  the  same 
jiruportions  as  before.  And  the  geometrical  and  evident  con- 
sequence of  this  is,  that  the  curvatures  will  aho  be  In  the 
tame  proportion. 
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Therefore  a  cord  that  is  once  arranged  is  this  form  will 
»l»flj»  preserve  it,  and  will  vibrate  like  a  cycloidal  pctidu- 

Iium,  performing  its  oscillalions  in  equal  times,  whetlicr  they 
dfe  iride  or  narrow.  Therefore  since  this  perfect  isuclirotiism 
n  vibraiioDs  is  all  that  is  wanted  for  preserving  the  same 
■Dsical  pitch  or  tone,  this  cord  will  always  have  the  same 
^Thia  proposition  was  the  diacovery  of  Dr.  Brooke  Tay- 
ht,  one  of  the  ornaments  of  our  country,  and  is  published 
in  his  celebrated  work  Meihodit*  Inciemenlorum.  The  inves- 
tigalioR,  however,  and  the  demonstration  in  that  work,  are 
»  obscure  and  so  tedious,  that  few  had  [laliencc  to  pcruae 
ibcm.  It  waa  more  elegantly  treated  afterwards  by  the 
fieroouUia  and  others.  The  curve  got  the  name  of  the 
Tm/larean  curve;  and  is  considered  by  many  eminent  mathe- 
maticians  as  a  trochoid,  vie.  the  curve  described  by  a  point 
in  the  nave  or  spoke  of  a  wheel  while  the  wheel  rolls  along 
a  stnught  lino.  But  this  is  a  mistake,  although  it  is  allied 
to  the  trochoid  in  the  same  manner  that  the  figure  of  sines 
is  allied  to  the  cycloid.  Its  physical  property  intitles  it  to 
the  name  of  tho  harmonical  cdrve.  As  tliis  curve  is  not 
only  the  foundation  of  all  our  knowledge  of  the  vibration  of 
elastic  cords,  but  also  fumiahes  an  equation  which  will  lead 
th*  mstliemalician  through  the  whole  labyrinth  of  aerial  un- 
dulations,  and  be  of  use  on  many  other  occabions ;  and  as 
tlie  lirsi  mathematicians  have,  through  inattention,  or  through 
enmity  to  Dr.  Taylor,  affected  to  consider  it  as  the  trochoid 
already  well  known  to  themselves— we  shall  give  a  iihort  ac- 
count of  its  construction  and  chief  properties,  simplified 
from  the  elegant  description  given  by  Dr.  Smith  in  his  Har- 
monics. 

Let  SDTV,  QERP  (Plate  VI.  fig.  10.),  be  circles  dascrib- 
ed  round  the  centre  C.  Draw  the  diameters  QCR,  ECP, 
cutting  each  other  at  right  angles.  From  any  point  G  in 
the  exterior  circle  draw  the  radius  GC,  cutting  the  inlcrior 
circle  in  F,  draw  KHFI  parallel  to  QCK,  and  make  HI, 
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HK,  each  equal  to  the  arch  EG.  Let  this  be  done  forert- 
ry  point  of  the  quadrantat  arch  EGR.  The  points  I,  K,  are 
in  the  harmonic  curve  ;  that  is,  the  curve  AKDIB  poning 
through  the  points  K  and  I,  determined  by  this  construc- 
tion, has  its  curvature  in  every  point  K  proportional  to  the 
diiitance  KN  from  the  base  AH. 

To  demonstrate  this,  draw  FL  perpendicular  to  the  axil^ 
and  join  EL.  Take  another  point  g  in  the  outer  drcle  in- 
definitely near  to  G.  Draw  g  c,  cutting  the  inner  circle  b 
/,  and/  h  and/ 1  perpendicular  to  DC,  CT,  and  jan  E  L 
Then  suppose  two  lines  Km  tm  prpcndtcular  to  the 
cnrve  in  K  and  k.  They  must  meet  in  m,  the  c^entre  of  the 
equicurvo  circle.  Draw  KN  n  perpendicular  to  the  base, 
and  m  n  parallel  to  it,  and  join  k  n.  Lastly,  drsw  XL  z 
]Terpendicular  to  EL. 

It  is  plain  that  fe  O,  the  difference  of  HK  arid  At,  is  equal 

to  G  g,  the  difference  of  GE  andg-E,  and  that  KO  is 

i-qual  to  F  r,  and  I.  llo  rf.   Also,  because  ELX  is  aright 

ELS 
angle,  EX  =  j.^. 

We  have  F  r  :  F  /=  CL  :  CF,  =  CL  :  CD.  ^H 

Ff:Gg=  CD:CE.  ^M 

Therefore  F  r  :  G  ^,  or  KO  :  OA  =  CL  :  CE.  ^1 

The  triangles  ECL  and  fc  OK  are  therefore  amilar,  « 
are  also  Ic  OK  and  K  n  m,  and  consequently  ECL  and  K  it  m; 
and  because  EC  is  parallel  to  K  n,  EL  is  parallel  to  K  m. 
For  the  same  reason  A  m  is  parallel  to  E/,  and  the  tiiangitt 
Elx  and  mK  h  are  similar,  and 
L*:KA=LE:Km 
and  L  j:  :  K  i  -  EC  :  K  n.     But  farther. 


1.x 
-LI 
F/: 


L  /  =  CE  :  EL 
F/=  KN :  CD,  being  =  FL  :  FC 
Gg-i=CD:CE,  being  =  F/:  ft  O 
K  ft  =  CE  :  EL,  being  =  ftO  :  K  ft; 


Therefor*  L  i :  K  ft  =  KNxCE  :  ELs 


^H 

1 

UA 

BINK  TEUMPET, 

Therefore  KN 

:EX 

=  LE  :  K  m.  and  K  m  = 

oiKS: 

EX  = 

CE: 

,  ^          EX  CE 

K  H,  and  K  n  =^     j^^    - 

In  the 

very  na 

rrow 

vibrations  of  musical  cord 

,  CD  is 

aceedtngly  small  in  comparison  with  CE,  so  thai  EX-EL, 
or  EXCE,  may,  wiUioiii  seosible  error,  be  taken  for  CES 
and  then   we  obtain   K  n>  or  K  n  (which  hardly  differ) 

CE= 
=  rj^)  and  therefore  tlie  curvature  is  proportional  to  KN. 

The  small  deviation  from  this  ratio  would  seem  to  shew  that 
this  constructiou  di>es  not  give  the  harmonic  curve  with  ac- 
curacy. But  it  \i  not  so.  For  it  will  be  found,  that  al- 
though ihe  curvature  is  not  ns  KN,  it  is  still  proponionnl  to 
the  space  which  any  particle  K  must  really  describe  in  order 
to  arrive  al  the  axis.  These  paths  are  lines  whose  curva- 
tures diniioish  as  llicy  appruacii  to  DC. 

We  see  lut,  that  ihe  base  ACB  of  the  curve  is  equal  to 
the  semicircular  arch  (jER. 

td.  Also  that  the  tangent  KZ  in  any  point  K  is  perpendi- 
cular to  EL. 

3d,  We  learn  that  the  curvature  at  A  and  B  is  nothing, 
for  in  these  two  points  KN  is  nothing. 

^tk,  The  radius  of  curvature  at  D  is  precisely  r;  cU'- 

Therefore,  as  the  string  approaches  the  axis,  and  CD  di- 
minishes, the  curvature  diminishes  in  the  same  proportion. 
The  vibrations  therefore  arc  performed  like  those  of  a  pen- 
dulum in  a  cycloid,  and  are  isochronous,  whether  nide  or 
naiTOW,  and  therefore  the  mii^cal  pitch  is  constant 

This  is  not  strictly  true,  because  in  the  wide  vibrations 
the  extension  or  extending  force  issomewhat  greater.  Hence 
it  is  that  a  string  when  violently  twauged  sounds  a  little 
sharper  at  the  beginning.  Dr.  Long  mode  a  harpsichord 
wiuwe  strings  were  stretched  by  weights^  by  which  this  im- 
perfection was  removed. 

It  b  proper  to  exhibit  the  curvature  at  D  in  terms  of  the 
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length  AU,  anil  ol'  the  greatest  excursion  CD-     Tlierdbic 

let  c  he  the  circumference  of  a  circle  whose  dianieter  U  t. 

Let  AB  the  length  of  the  cord  be  =  L,  and  let  CD  the ; 

breadth  of  the  vibration  be  B. 

CE' 
We  had  a  little  ago  D  m  =  ^jy,  but  c  :  1  =  AB  :  Cft 

AB  AB»  AB* 

andCE  =  -^,andCE=  =  -p-.  Therefore  Dm  =  ^73^ 

=  9787CD  "*^«'"'y- 

We  can  now  tell  the  number  of  vibrations  made  in  a  x- 
cond  by  a  string.  This  we  obtain  by  comparing  its  iDOtian, 
when  impelled  by  the  accelerating  force  which  acts  oq  it, 
with  its  motion  when  acled  on  by  its  weight  only,  Ther^ 
fore  let  I.  be  the  length  of  a  string,  and  W  its  weight,  and 
let  E  be  the  straining  weight,  or  extending  force,  helfhi 
the  force  which  accelerates  the  particle  D  (/  of  the  cord,  and 
at  the  weight  of  that  particle,  while  W  is  the  weight  of  the 
whole  cord.  Let  z  be  the  space  which  the  particle  D  d  would 
describe  during  the  time  of  one  vibration  by  the  uniform  ac- 
tion of  the  force  /,  and  let  S  be  the  space  which  it  would 
describe  in  the  same  time  by  its  weight  w  alone.  Then 
(DvNAMirs,  No.  103.  cor.  6.)  the  time  in  which  /  would 
impel  the  particle  D  d  along  4  DC,  is  to  the  time  of  one  vi. 
bration  as  1  :  c.  And  4  DC  is  to  e  as  the  square  of  the  tioie 
of  describing  ^  DC  is  to  the  square  of  the  time  ofdeaoiUng 
I ;  that  is,  1  :  c'  —  i  DC:  s,  and  c'  DC  =  2  i. 
Now,  by  the  property  of  the  harmonic  curve, 
AB:nm-2z:AB 

ButDm:Drf=E:/ 

AndDd:  AB  =  w  :  W 

Therefore  2  rEw  =  AB/W 

And/:tt.  =  2;  X  E  :  AB  X  W 

But«o:/=3S:2z 

Therefore  2SxE=ABxW 

And  2  E  :  W  =  AB  :  S. 


4a& 

Tlutts,  aiRunc«IdiaRl,cxteBdcdbf  afineEipMftnM 
one  vibraU9ii  l>Cy  in  tbe  tni»e  that  a  bcary  Imdj  desmbes 
a  ^tace  S,  nhicb  is  (o  tbe  length  of  tbe  oord  ss  its  w«^ibl  is 
to  twice  tbe  exteniliag  force. 

Now  let  jr  be  tbe  tpaix  tfaniagh  wbidi  a  beary  hod;  &Db 
in  one  second,  asd  Im  the  tine  of  vibratioa  (mumtcd  in 
parU  of  a  second)  be  T.     We  have 


AB 
S 
Therefore  AB 


S=:SE:W 


And  AB  xW  =  T=  it.  SB  y  g 
,      ^      ^        AB  X  W        .  „         /Ab  X  W 
Therefore  T'  =  ^^e".  and  T  =  V    g^.  e  ' 

.  Let  n  be  the  number  of  ribralions  made  in  a  second. 

P^  T  =  *  AB.  W  =  ^  L.  W 

If  the  length  of  ihe  cord  be  measured  in  feeU  ^  g"  is  very 
»rly  3^.     If  in  inches,  2  g  is  386,  more  newly.     Thcre- 

yi2E         /3b6E     „,.  .,    , 

r-TTTr  or  V  TTiy-  A  his  may  easily  be  compar- 
ed with  observation.  Dr.  Smith  hung  a  weight  of  7  pounds, 
or  49,000  grain*,  on  a  brass  wire  sui^pended  from  a  finger 
pin,  and  shortened  it  till  it  was  in  perfect  unison  with  the 
double  oetave  below  the  open  string  D  of  a  violin.  In  this 
state  the  wire  was  36,55  inches  long,  and  it  weighed  31 
grains. 

/384.  X  +9000 

How  V - 


:  130,7  : 


This  wire,  ihere- 


.^5.55  X  31 

fore,  ought  to  make  130,7  vibrations  in  a  second.  Dr. 
Smith  proceeded  to  ascertain  the  number  of  aerial  pulses 
made  by  this  sound,  availing  himself  of  the  theory  of  the 
beats  of  tempered  consonances  lnve]ite<l  by  himself.  On  his 
fine  chamber  organ  he  tuned  upwards  the  perfect  fifths  DA, 
A  e,  eft,  and  then  tuned  downward  the  perfect  6th  e  A. 
Thus  he  obtained  an  octave  to  D,  which  was  too  bliarp  by  a 


comma,  and  he  found  that  it  beat  65  times  in  30  sccoiid.>. 

65 
Therefore  the  number  of  vibrations  was  gg  81,  or  263,24 

These  wprc  complete  pulses  or  niolionB  from  D  to  V  and 
bock  again,  and  therefore  contained  o^Gt  such  vibniUons  <u 
we  have  now  been  considering.  Tiie  double  octave  below 
should  make  4th  of  this,  or  131,6,  which  is  not  a  complete 
vibration  more  than  the  above  liieorj  requires:  more  accit- 
rate  coincidence  is  needless  ". 

Thia  theory  is  therefore  very  completely  established,  ind  it 
may  be  con^dered  as  one  of  the  finest  mechanical  problems 
whicli  has  been  solved  in  the  last  century-  We  mention  it 
with  greater  minuteness,  because  the  merit  of  Dr.  Taylor  is 
not  suflicicntly  attended  to.  Mr.  Rameau,  and  the  other  great 
theorists  in  music,  make  no  mention  of  him ;  and  such  as 
have  occasion  to  speak  of  tiie  absolute  number  of  vibrations 
made  by  any  musical  note,  always  quote  Mr.  Sauveurof  the 
French  academy.  This  gentleman  has  written  some  veiy 
excellent  dissertations  on  the  tlieory  of  music,  and  Sir  Isaac 
Newton  in  his  Principia  often  quotes  his  authority.  He  has 
igiven  the  actual  determination  of  the  number  of  vibratJons 
of  the  note  C,  obtained  in  a  manner  similar  to  that  practi^ 
by  Dr.  Smith  on  his  chamber  organ,  and  wbicli  agrees  ex- 
tremely well  with  that  measure.  But  Mr.  Sauvcur  has  al- 
fio  giveh  a  mechanical  iovestigntion  of  the  problem,  which 
gives  the  same  number  of  vibrations  that  he  observed.  Wc 
presume  that  liameau  and  others  took  the  demonstration  for 
good  ;  and  thus  Mr.  Sauveur  [lasses  on  the  Continent  fot 
;  the  discoverer  of  this  tlieorem.  But  it  was  not  published 
till  1716,  though  read  in  1713  ;  whereas  Dr.  Taytor'a  de- 
monstration  was  read  to  the  Iloyal  Society  in  May  1 7 1  i.  But 
this  demonstration  of  Mr.  Sauveur  is  a  mere  paralogism, 
where  errors  compensate  errors ;  and  the  assumption  on 
which  he  proceeds  is  quite  gratuitous,  and  lias  nothing  lo 
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do  with  tbe  subject.  Y«t  Juhn  Bernoulli,  from  enahjr 
to  Tavlor  aod  ilie  Enjjbsb  maihifniaiiciMis,  iakvs  oot  tb« 
least  notice  of  tbU  sophisticated  dcniviDslratiou,  accouirao- 
daled  to  the  experiment,  and  so  devoid  t»f  any  pn.ten»inns 
to  U]gument,  that  this  severe  critic  could  itut  but  9e«  its  fal- 
aitT. 

SauTeur  was  cme  of  the  first  who  observed  distinctly 
that  remarkable  fact  which  l^fr.  R^meau  made  tbe  founda- 
titmol'  his  musical  theory,  riz.  that  a  full  musical  note  is 
accompanied  by  its  octave,  its  twelfth,  and  its  seventeenth 
major.  It  had  been  casually  observed  before,  by  ftlarsen- 
Dus,  by  Pi-rrault,  and  others ;  but  Saitveur  tells  distinctly 
bow  to  make  the  observation,  and  affirms  it  to  be  true  in 
all  deep  notes.  Rameau  asserts  it  to  be  universally  and 
necessarily  true  in  all  note$,  and  tlie  fuundulien  of  all  musi- 
cal pleasure. 

It  had  been  discovered  before  this  time,  that  not  only  a 
full  note  caused  its  uni^n  to  resound,  but  also  that  a  ISth, 
bein^  sounded  near  any  open  string,  Llie  string  raoiauied  to 
this  ISlh.  It  does  the  same  to  a  15tb,  a  17th  major,  a  82d, 
&c 

Dr.  Wallis  added  a  very  curious  circumstance  to  this  ob- 
servation. Two  of  his  pupils,  Mr.  Noble  and  Mr.  Pigott, 
lO  1673,  amusing  themselves  with  these  resonances,  observ- 
ed, that  if  a  small  bit  of  paper  be  laid  on  the  string  of  a  viu- 
lia  which  is  made  to  resound  to  its  unison,  the  paper  is  thrown 
off:  a  proof  that  the  string  resounded  by  really  vibraUng, 
and  that  it  is  thrown  into  these  vibrations  by  the  pulses  of 
the  air  produced  by  the  other  string.  In  like  manner  the 
paper  is  thrown  off  when  the  string  resounds  to  its  octave. 
But  the  young  gentlemen  observed,  that  when  tlie  paper  waa 
laid  on  the  middle  point  of  the  string,  it  remained  without 
agitation,  although  the  string  still  resounded.  They  found 
the  same  thing  when  they  made  the  string  resound  to  its 
l2ib :  papers  laid  on  the  two  points  of  division  lay  still,  but 
were  thrown  off  when  laid  on  any  oilier  place.      In  short, 
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they  round  it  a  gt>neral  rule,  tlist  papers  kid  on  any  poiiik 
of  divi&ioD  corresponding  tn  the  note  which  itbj*  remunded, 
were  not  agitated. 

Dr.  Wallks  (the  greatest  tlieonst  in  mu^  of  ihe  1 7xk  an- 
tury)  justly  concluded  tliat  these  points  of  the  rcHnraibf 
strii^  were  at  rest,  and  thai  iiic  intennedi.ite  parts  wm 
vibrating,  and  producing  the  notes  etwresponding  to  tliar 
lengths. 

From  this  Mr.  Sauveur,  withgretrt  propriety,  deducrd  the 
tlieory  of  the  pcrlornianceof  the  trumpet  ntavine,  thevJelle, 
the  clavichord,  and  some  other  instrunients. 

When  the  string  of  the  trumpet  marine  ia  geirtfy  stof^ied 
at  ti  and  the  how  drawn  lightly  across  it  at  H  (Plate  VI. 
Iig.  S),  the  full  vibration  at  the  finger  ia  stopped,  bnt  the 
string  is  thrown  into  vibrations  of  some  kind,  wbieh  "nU 
either  be  destroyed  or  may  go  on.  It  is  of  importMlce  to 
see  what  drcuntstance  will  permit  their  continuance. 

Suppose  an  elastic  cord  pnt  into  the  situation  ABCDB 
(Plate  VI.  fig.  11.)  such  that  AB,  BC,  CD,  DE,  we  J 
equal,  and  that  BCD  is  a.  str.-iight  liae.  Let  the  pcnnt  C  k 
made  fast,  and  the  two  points  B  and  D  be  let  go  at  ooce. 
It  is  evident  that  tlie  two  parts  will  immediately  TibraJciii 
two  harmonical  curves  ABC  and  CDE,  which  will  dunire 
to  A  6  C  and  C  d  E,  and  so  on  alternately.  It  is  also  tn- 
dent  that  if  a  line  FCG  be  drawn  touching  Ute  curro  ABC, 
it  will  also  touch  the  curve  CDE ;  and  the  bne  which  touches 
the  curve  A  Zi  C  in  C,  will  also  touch  the  curve  CiJ E.  in 
e^-ery  instnul  the  two  halve^vof  the  cord  will  be  cum.-s  which 
h.ive  a  common  tangent  in  the  point  C.  The  undonbud 
consequence  of  tliii  is,  that  the  point  C  will  not  lie  affrctid 
by  these  vibrations,  aiid  its  fixture  may  betaken  away.  The 
cord  will  continue  to  vibrate,  and  will  give  tiie  sound  of  the 
octave  to  its  I'lindamental  note. 

The  condition,  then,  which  must  be  implemented,  in  ai- 
der that  a  string  may  resound  to  its  octave,  or  lake  the  sonvl 
of  its  octave,  is  simply  this,  that  its  two  psrta  nwy  «ibf«p 
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•qiuJk  in  oppoBtr  dnwbcu.  This  is  cndmij  pewMp; 
rod  chen  Uk  bow  'a  dnwn  ncruft  the  sUm^  of  ihe  trumpel 
tTMTiw  mt  B,  aod  irrc^iUor  Tibnuions  are  [miducpd  in  tfic 
•whale  airing,  those  viiich  haftpen  (o  be  io  one  diraetion  na 
both  ndes  of  the  iiiid<Uc  paint,  witen  h  b>  geotW  ^aff»A  far 
tbefiagar,  «iU  destroy  €Mh  eiher,  a»d  Um  «uu>p«U^  «ws 
wiQ  be  instant)^  prodnoed,  and  thfn  eviwy  laeceidbtg  k- 
Uon  of  the  bow  viQ  TnntrMj  tben. 

The  nme  dnng  must  hjqipen  if  a  strng  b  fendr  nnfi|K!d 
«  an»«hifd  of  its  ien^ ;  far  iherc  wtU  br  the  nmc  rqdiU- 
briuin  offcnoaat  ibe  two  pMnUordivi!iioti.MthBt  the  fix- 
Qnn  of  these  pcdlKs  mav  fa«  n'mm-Ml,  and  the  Knng  will  x-k 
bnte  in  three  pans,  aonndiBg  the  l:^h  of  the  fondBaMitlal. 

We  may  dbaerve,  by  the  waf ,  that  i£  the  K^w  be  dtaa-o 
acniBe  the  etiing  at  one  of  the  points  flf^fivinon,  cnrTrspand* 
ing  to  the  stofpa^  al  cheotber  «mI  «f  dw  string,  it  will 
hardly  ^e  any  diatiDat  Bote.  It  nttle*,  and  is  tntoletably 
faanh.  Tbe  reasan  is  jAaai :  The  bow  takes  aonic  bold  of 
the  poun  C  aad  dn^  it  along  with  iL  The  cord  oa  each 
wleof  C  IE  left  behind,  and  therefore  tbe  two  onrrcs  cantot 
have  a  ooaunoD  tangent  at  C.  The  vibramns  into  which 
it  is  thus  jogged  by  the  bow  destroy  tach  other. 

We  now  see  vhj  the  tnnnpei  marine  will  not  aotnid 
ereiT  note.  It  will  sound  none  but  such  as  oonvspond  to  a 
diraioa  of  the  Miii^  into  a  number  of  equal  parts,  and  its 
Bote  will  be  in  unison  with  a  string  equd  to  one  of  thme 
parts.  Therefore  it  will^rH  of  all  sound  tlie  fondaneDial, 
bj  ila  whole  length  ; 

8.  Its  octave,  correspondii^  to         -         V  >l>  length- 

3.  The  ISih,         .         .         -  .         f 

4.  The  15th,  or  double  octa^-e,        -        J 
6.  The  1 7th,         -         -         -        .  i 

6.  The  19th,         ....         J 

7.  Theglst,  which  is  not  inihcd 

scale  of  our  music, 

8.  The  triple  ocUve,  or  S2d 


its  IcDgtli 


=  Aw^ 
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9.  Tbe  33d,  or  Sd  in  the  scsle  of  the 
triple  ocUve, 

10.  The  24lh,  or  3d  in  this  scale, 

1 1.  The  S5th,  a  false  4-th  of  this  scale,  i 

12.  The26lh,  a  perfect  5th  of  thisfccale,  t 

13.  The  27th,  a  false  6th  of  ditto,  -, 

14.  The  26th,  a  false  7ih  minor,  , 

15.  The  s;8th,  a  perfect  7lh  major,  ■> 

16.  The  quadruple  octave,  -  ^'s 

Thus  we  see  that  'this  instrument  will  not  execute  all 
music,  and  indeed  will  not  complete  any  octave,  because  il 
will  neither  give  a  perfect  4th  nor  6th.  We  sliall  presently 
see  that  these  are  the  very  defects  of  tbe  trutopet. 

This  singular  stringed  instrumeut  has  been  de«xibed  in 
this  detml,  chiefly  with  the  view  of  preparing  ua  for  under- 
standing the  real  trumpet.  The  Viellb,  SAVoyABUE,  or 
HuBDYGUBDY,  performs  in  the  some  manner.  While  the 
wheel  rubs  one  part  of  the  string  like  a  bow,  the  keysgeot 
ly  press  the  strings,  in  points  of  aliquot  divisicm,  and  pto- 
duce  tJic  haimoujc  notes. 

It  is  to  prevent 'such  notes  that  the  part  of  hu|»clMnl 
wires,  lying  between  the  bridge  and  the  pim,  afe  wr^jptd 
round  with  lisL  These  notes  would  frequently  dtsttol  the 
muuc 

Lastly  on  this  head,  the  ^olian  harp  derives  ita  VMt  n> 
riety  of  fine  sounds  from  this  mode  of  vilvation.  Sddw 
do  the  chords  perform  th^r  fundamental  or  simple  ribi^ 
tions.  They  are  generally  sounding  some  of  the  hannaur* 
of  their  fundamentals,  and  give  u^  all  this  ymtXf  haa, 
strings  tuned  in  unieon. 
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MUSICAL  TRUMPET. 


AHB  Musical  Trumpet  is  a  wind  instrument  which  sounds 
bj  pKsnng  the  closed  lips  to  the  small  end,  and  forcing  the 
wind  through  a  very  narrow  aperture  between  the  lips. 
This  is  one  of  the  most  ancient  of  musical  instruments,  and 
bit  aiqpeared  in  all  nations  in  a  vast  variety  of  forms.  The 
eooch  of  the  savage,  the  horn  of  the  cow-herd  and  of  the 
pcMtman,  the  bugle  horn,  the  lituus  and  tuba  of  the  Romans, 
the  military  trumpet,  and  the  trombone,  the  cor  de  chasse  or 
French  horn— -are  all  instruments  winded  in  the  same  man- 
r,  producing  their  variety  of  tones  by  varying  the  man- 
and  force  of  blowing.  The  serpent  is  another  instru- 
ment of  the  same  kind,  but  producing  part  of  its  notes  by 
VMtOB  of  holes  in  the  sides. 

Although  the  trumpet  is  the  simplest  of  all  musical  in- 
iftninients,  being  nothing  but  a  long  tube,  narrow  at  one 
tad  and  wide  at  the  other,  it  is  the  most  difficult  to  be  ex- 
fUned.     To  understand  how  sonorous  and  regulated  un- 
dula&>na  can  be  excited  in  a  tube  without  any  previous  vi- 
hl&m  of  reeds  to  form  the  waves  at  the  entry,  or  of  holes 
ta  vary  the  notes,  requires  a  very  nice  attention  to  tlie  me- 
chanism of  aerial  undulations,  and  we  are  by  no  means  cer- 
tab  that  we  have  as  yet  hit  on  the  true  explanation.     We 
are  ocitun,  however,  that  these  aerial  undulations  do  not 
differ  from  those  produced  by  the  vibration  of  strings ;  for 
tbajr  make  strings  resound  in  the  same  manner  as  vibrating 
da     Galileo,  however,  did  not  know  this  argument 
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for  his  as&CTlion  that  llie  musical  pitch  of  a  (wpc,  like  iW 
of  a  cord,  depended  on  the  frequency  alone  of  the  Htiil 
undulationB ;  hut  he  thought  it  highly  probable,  froahB 
obscr^-ations  on  the  structure  of  organs,  that  tlie  notci  rf 
pipes  were  related  to  their  lengths  in  the  same  manner  a 
(hose  of  wires,  and  be  expressly  makes  tliis  rHraark.  Nc*- 
ton,  having  discovered  that  sound  moved  at  the  rate  of  abtit 
960  feet  per  second,  sbserved  that,  according  to  theexpov 
ntents  of  Mr.  Sauveur,  the  length  of  an  open  pipe  is  balTlk 
length  of  an  aerial  pulse.  This  he  could  easily  ascertaia  I7 
dividing  the  space  described  by  sound  in  a  second  by  tbt 
number  of  pulses. 

Daniel  Bernoulli,  the  celebrated  promoter  of  the  New- 
tonian mechanics,  discovered,  or  at  least  was  the  first  1^ 
attentively  marked,  some  other  drcumstanccs  of  raw 
blanec  between  the  undulations  of  the  air  id  pipes  and  Ac 
vibrations  of  wires.  As  a  wire  can  be  made,  not  only  to 
vibrate  in  its  full  length,  sounding  its  fundamental  note^bnl 
can  also  be  made  to  subdivide  itself,  and  vibrate  like  a  pcv- 
tion  of  the  whole,  with  potnis  of  rest  between  the  Tibnuiiig 
portions,  when  it  gives  one  of  it<  harmonic  notes  ;  so  a  ^M 
can  not  only  have  sucli  undulations  of  air  going  on  within  it 
as  are  competent  to  the  produclion  of  its  fundamental  note, 
but  also  those  which  protluce  one  of  its  harmonic  Dota 
Every  one  knows  that  when  we  force  a  flute,  by  blowi^ 
too  strongly,  it  quits  its  propter  note,  and  gives  the  octave 
above.  Forcing  still  more,  produces  the  12th.  Then  •« 
can  produce  thedoubleoctave  or  ISth,  and  the  17th  major, 
Etc.  In  short,  by  attending  to  several  circumstances  in  the 
manner  of  blowing,  all  the  notes  may  be  produced  frwn  one 
very  long  pipe  that  we  produce  from  the  trumpet  matinr, 
and  in  precisely  ilie  same  order,  and  with  the  same  omis- 
sions and  imperfections.  This  alone  is  almost  equivalent 
to  a  proof  that  the  mechanism  of  ihe  undulations  of  air  in  1 
pipe  is  analogous  to  that  of  the  vibrations  of  an  elastic 
cord.  Having  with  so  great  success  investigated  the  m^- 
chanism  of  the  partial  vibrations  of  wires,  and  also  aaotbei 
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kind  of  vibrations  which  we  shall  mention  arttH'wanJs,  iii- 
oooiparably  more  curious  ami  more  impartant  in  the  pliilo- 
■gpbjr  of  musical  soiindis,  Air.  Bernoulli  undertook  (he  m- 
v«BUgatioa  of  tho^  more  mystenous  motions  of  air  which 
■re  produced  in  pi[)cs ;  and  in  a  very  ingenious  dissertaUon, 
pubiuhed  in  the  memoirs  ot'  the  Academy  of  Paris  for  1 76S, 
ttc  be  gives  a  theory  of  them,  which  tallies  in  a  wnnderfnl  , 
auBner  with  the  chief  phenomena  which  we  observe  in  the 
wind  iastruments  of  the  flute  and  trumpet  kind.  We  are 
not,  howcv«r,  (io  well  satisfied  with  the  truth  of  his  asswiip- 
iiMU  respecting  the  state  of  the  air,  and  the  ]>recisc  form  of 
tbe  undulations  which  he  osxigoa  to  it ;  but  we  see  thalt 
Dol withstanding  a  pruttability  of  his  being  mibtaken  in  tbetie 
arcuDistsnces  (it  U  with  great  deference  that  we  presume  to 
Hippgse  liim  mistaken),  tJie  chief  propositions  are  still  tnie ; 
•od  tlial  the  changes  from  note  to  note  must  lie  produced  in 
Ibe  order,  though  perhaps  not  in  the  precise  msuiner,  assign- 
ed by  him. 

It  is  by  no  means  easy  to  conceive,  with  clearness,  the 
»^  in  whicfi  musical  undulations  are  excited  in  the  vaiious 
kindtof  irumpeiii.  Many  who  have  reputation  as  mecliani- 
daos,  suppose  timt  it  is  by  means  of  vibrations  of  the  lips, 
in  the  same  manner  as  in  the  hautlxiy,  elurionette,  and 
reed  pipes  of  the  organ,  where  die  ulr,  say  they,  is  put  in 
woiiaa  by  the  trembling  reed.  But  this  explanation  is 
wroBg  in  all  its  parts;  even  in  the  reed  pipes  of  an  organ, 
the  air  is  tiol  put  in  motion  by  the  reeds.  They  are  in- 
deed tJie  oecaaotts  of  its  musical  undulation,  but  they  do  Qot 
imaudialclj/  tMptl  it  into  those  waves.  This  method  (and 
indeed  all  methods  but  the  vibrations  of  wires,  bells,  6ic.) 
of  producing  sound  is  little  understood,  though  it  is  high- 
ly wortliy  of  notice,  being  the  origin  of  animal  voice,  and 
because  a  knowledge  of  it  would  enable  the  artists  to  en- 
leilain  us  with  sounds  hitherto  unknown,  and  thus  add 
coiMderably  to  this  gift  of  our  Bountiful  Father,  who  has 
,  in  ihe  structure  of  the  larynx  of  the  human  spe- 
t  that  he  intended  that  we  bhuuM  enjoy  the  pleasures 
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of  music  as  a  laborvm  dulce  IfHtmeit.  He  haa  iWw  fMM 
a  micrometer  apparatus,  by  B'hich,  after  the  other  musda 
have  done  their  part  in  bringing;  the  giotlis  nearly  l"  ibe 
tension  wliidi  the  Intended  nute  requires,  we  can  easily, 
and  instantly,  adjust  it  with  the  ulmnst  nicety. 

We  trust,  therefore,  lliat  our  readers  will  indulo*  lu 
while  we  give  a  very  cursory  view  of  the  maimer  in  uhich 
the  tremulous  motion  of  the  glottis,  or  of  a  reed  in  anorj^ 
pipe,  produces  the  sonorous  undulations  wiili  a  constaoLj 
uniform  frequency,  so  as  to  yield  a  musical  note. 

If  we  blow  through  n  small  pipe  or  quill,  weprodui 
ly  a  whizzing  or  hissing  noise.  If,  in  blowing,  we  shut 
entry  with  our  tongue,  we  hear  something  like  a  solid  blow 
or  tap,  and  it  is  accompanied  with  some  faint  perception  of 
a  musical  pitch,  just  as  when  we  tap  with  the  finger  on  one 
of  the  holes  of  a  flute  when  all  the  rest  are  shut-  We  are 
then  sensible  of  a  difiereucc  of  pitch,  according  to  the  length 
of  the  pipe ;  a  longer  pipe  or  quill  giving  a  graver  sound. 
Here,  then,  is  like  the  beginning  of  a  sonorous  undulation. 
Let  us  consider  the  state  of  the  air  in  the  pipe :  It  was  fiit. 
ed  by  a  column  of  air,  which  was  moving  forward,  and  would 
have  been  succeeded  by  other  air  io  the  same  state.  Thii 
air  was  therefore  nearly  in  its  slate  of  natural  density.  When 
the  entry  is  suddenly  stopped  by  the  tongue,  the  included 
air,  already  in  minion,  continues  its  motion.  This  it  can- 
nol  do  without  growing  rarer,  and  then  it  is  no  longeraba- 
lance  for  the  pressure  of  the  atmosphere.  It  is  therefore 
retarded  in  its  mution,  totally  stopped  (lieing  in  a  rarefied 
state),  and  is  then  pressed  back  again.  It  comes  back  with 
an  accelerated  motion,  and  recovers  its  natural  density,  vbile 
the  state  of  rarefaction  goes  forward  through  the  open  sir 
like  any  other  aerial  pulse.  Its  motions  are  aomewhat,  but 
not  akogetiier,  like  that  of  a  spiral  wire,  which  has  been  in 
like  manner  moving  nnifornily  along  the  pii>e,  and  has  be«n 
slopped  by  something  catching  hold  of  its  hindermost 
mity.     This  spring,  wlien  thus  catcbed  behind,  stretcl 
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ifa  little,  ihen  contnicts  bej/ond  its  natural  <<tate,  and  then 
Bpands  again,  quivering  several  times.  It  can  be  {lemon- 
iterated  (hat  the  column  of  air  will  make  but  one  quiver. 
Suppose  this  accomplished  in  the  hundredth  part  of  a  se- 
cond, ami  that  at  that  instant  the  tongue  is  removed  for  the 
hundredlh  part  of  a  second,  and  again  applied  to  the  entry 
of  the  pipe.  It  is  plain  that  this  will  produce  such  another 
pulse,  which  will  join  to  the  former  one,  and  force  it  out  in- 
to the  tur,  and  the  two  pulses  together  will  be  like  two  pul- 
se* produced  by  the  vibration  of  a  cord.  If,  instead  of  the 
tongue,  we  suppose  the  flat  plate  of  an  or^an  reed  to  be 
thus  alternately  applied  lo  the  hole  and  removed,  at  the  en- 
act Diomentj  that  the  renewals  of  air  are  wanted,  it  is  plain 
that  we  shall  imve  aotiomua  undulations  of  mw/brni  frequency, 
and  therefore  a  musical  note.  This  is  the  nay  in  which 
reeds  produce  their  effect,  not  by  impcUing  the  air  into  alter- 
nate states  of  motion  to  and  fro,  and  alternate  strata  of  rare- 
fied and  aindensed  air,  but  by  giving  them  lime  to  acquire 
this  sute  by  the  eumbinatlon  of  the  air's  elasticity  with  its 
progresdve  motion. 

The  adjustment  of  the  succeeding  puff  of  air  to  the  pulse 
which  preceiles  it,  so  that  they  may  malte  one  smooth  and 
regular  pulse,  is  more  exact  than  we  hare  yet  remarked  ; 
for  the  stoppage  of  the  hole  not  only  nccaaions  a  rarefaction 
he/art  it,  but  by  checking  the  air  which  was  just  going  to 
enter,  makes  a  condensation  behind  thf  door  (so  to  speak] ;  to 
U»t,  when  the  ])a9sa|re  is  again  opened,  the  two  paresis  of 
ur  are  fitted  tor  supporting  each  other,  and  forming  one 
pulse. 

Suppose,  in  the  next  place,  that  the  reed,  instead  of  com- 
pletely shutting  the  hole  each  time,  only  half  shuts  it.  The 
same  thing  must  still  happen,  although  not  in  so  remarkable 
a  degree.  When  the  passage  is  contracted,  the  supply  is 
diminished,  and  the  air  now  in  the  pipe  must  rarefy,  by  ad- 
vancing with  its  former  velocity.  It  must  therefore  retard  ; 
by  retarding,  regain  its  former  density ;  and  the  air,  not  yet 
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got  into  tbe  pipe,  muKt  coodeiisp,  he-  And  if  the  paas^i 
be  again  opened  or  enlarged  in  the  proper  time,  ve  ilitU 
have  a  complete  pul^  of  cnndfoscd  and  rarefied  air;  ud 
this  must  be  accompanied  by  the  beginning  of  a  musical  not^ 
which  ma^  be  continued  like  tiie  former. 

This  will  be  a  softer  or  more  mellow  note  than  the  other; 
for  the  condensed  and  the  rarefied  air  will  not  be  su  sutldenly 
changed  in  tJieir  denfaitiL's.  The  difference  will  be  like  i1k 
difference  of  the  notes  produced  by  drawing  a  quill  along  th« 
teeth  of  a  comb,  and  thai  produced  by  tbe  equally  r^xd  fi- 
brations  of  a  wire.  For  let  it  be  remarked  here,  thai  muO' 
cal  notes  ure  by  no  means  confined,  as  theorists  commaolT 
suppose,  to  the  regular  cycloidal  agitations  of  air,  such  asm 
produced  by  the  vibrntions  of  an  elastic  cord  ;  but  that  any 
crack,  snap,  or  noise  whatever,  when  repeated  witL  BuSocnt 
frequency,  becomes  ipsofaeto  a  musical  sound,  of  which  w«ail 
tell  the  pitch  or  note.  What  can  be  less  musical  than  tbe 
solitary  cracks  or  snaps  made  by  a  stifTdoor  when  vcryslovly 
opened  P  Do  this  briskly,  and  the  creak  changes  to  a  chirp, 
of  which  we  can  tell  the  note.  The  sounds  will  be  banJi  or 
smooth,  according  as  the  snaps  of  which  tliey  are  composed 
are  abrupt  or  gradual. 

This  distinction  of  sounds  is  moat  satisfactorily  ccmfinn- 
ed  by  experiment.  If  the  tongue  of  the  organ  reed  is  quilF 
flat,  and  if,  in  its  vibrations,  it  apply  itself  to  the  whole 
margin  of  the  hole  at  once,  so  as  completely  to  shut  it  (as 
is  the  case  in  the  old-fasliioned  regal  stop  of  the  organ),  tbe 
note  is  clear,  smart,  and  harsh  or  hard ;  but  if  tlie  Ups  of 
the  reed  are  curved,  or  the  tongue  properly  bent  backward, 
so  that  it  applies  itself  to  the  edges  of  the  hole  gradatim, 
and  never  completely  shuts  the  passage,  the  note  may  hare 
any  degree  of  mellow  sweetness.  This  remark  is  worth  the 
attention  of  the  instrument-maker*  or  organ4>uilders,  and 
enables  them  to  vary  the  voicb  of  the  organ  at  pleasure. 
We  only  mention  it  here  as  inlroduct(M*y  to  the  explanation 
of  the  sounds  of  the  trumpet. 
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We  Imst  that  the  reaiUr  now  perceives  Iiow  the  nir,  pro- 
Mcdjng  alaog  a  pipe,  may  be  put  in  the  state  o1'  alternate 
UntB  of  condensed  and  rarefied  air,  ttie  particles,  in  the 
lamt  tine,  proceeding  along  llie  pipe  with  a  very  moderate 
tdocity  i  while  the  lUaU  of  undulation  in  propagati-d  at  the 
Tate  of  eleven  or  twelve  hundred  leet  in  a  second  ;  just  as 
•t  may  itometimes  see  a  stream  of  water  gliding  gently  down 
t  csns),  while  a  wave  runs  along  its  surface  with  much  great- 
er r^idity. 

U  will  greatly  assist  the  imagination,  if  wc  compare  theso 
Uiul  undulations  with  the  undulations  of  water  in  an  open 
ana).  While  the  water  is  flowing  smoothly  along,  suppose 
idutL-e  to  be  thrust  up  from  the  bottom  quite  to  Ilic  sur- 
face, or  beyond  it.  This  will  immediately  cause  B  dcprcs- 
noa  on  the  lower  side  of  the  sluice,  by  the  water's  going 
■long  the  cana),  and  a  heaping  up  of  the  water  on  the  other 
tide.  By  properly  timing  the  motion  of  this  sluice  up  and 
liawB,  we  can  produce  n  series  of  connected  waves.  If  the 
aloieebenot  pushed  up  to  the  surface,  but  only  one-half 
ixj,  there  will  be  the  same  succession  of  waves,  but  much 
unnothcr,  &c.  &c. 

It  is  in  this  state,  Uiougli  not  by  such  means,  that  the  sir 
a  conlitined  in  a  sounding  trumpet.  It  tB  not  brought  mto 
tills  slate  by  any  tremor  of  the  hps.  The  trumpeter  some- 
tinies  feels  such  n  tremor  ;  but  whenever  he  feels  it,  he  can 
no  longer  sound  his  note.  His  lips  are  painfully  tickled, 
ind  he  must  change  his  manner  of  winding. 

When  blowing  with  great  delicacy  and  care,  the  deepest 
ootea  of  a  French  horn,  or  trombone,  we  sometimes  can  feel 
the  undulations  of  the  air  in  the  pipe  distinctly  fluttering 
and  beating  against  the  lips ;  and  it  is  diflicult  to  hinder  the 
Upa  from  being  affected  by  it :  but  we  feci  plainly,  that  it  is 
not  the  tips  which  are  fluttering,  but  the  air  before  them. 
We  feel  a  curious  instance  of  this  when  wc  attempt  to  whis- 
tle in  coiuierl.  If  our  accompanier  intonates  with  a  certain 
degree  of  incorrectness,  we  feel  something  at  our  own  lips 
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which  makes  it  impossible  to  utter  the  intended  Tiote.  Thii 
happens  very  frequently  to  the  person  who  is  whistlin|;lhf 
Upper  note  of  a  grtaicr  third.  In  like  manner,  the  utiduU> 
lions  in  a  pipe  re-aci  on  the  reed,  and  check  its  vibratiaK. 
For  if  the  dimensions  of  a  pipe  are  such  that  the  anduh* 
tionii  formed  by  the  reed  cannot  bo  kept  up  in  the  pipe,  a 
do  not  Buit  the  length  of  the  pipe,  the  reed  will  ciiher  ntt 
piny  at  all,  or  will  vibrate  only  in  starts.  This  in  finely  il- 
lustrated by  a  beaulifnl  and  inslriiclive  experiment.  Tiko 
a  small  reed  of  the  voxhumana  stop  of  an  organ,  and  >rt  itb 
a  glass  foot,  adapted  to  the  windhox  of  the  or^n.  Instead 
of  the  eommon  pipe  above  it,  fix  on  it  the  sliding  tube  of  a 
small  telescope.  When  all  the  joints  are  thrust  down,  touch 
the  key,  and  look  attentively  to  the  play  of  the  reed.  While 
it  is  sounding,  draw  out  the  joints,  making  the  pipe  conti- 
nually kmgcr.  We  shall  observe  the  reed  thrown  into 
strange  lits  of  quivering,  and  sometimes  quite  mobnnlcst, 
and  then  thrown  into  wide  sonorous  vibrations,  according  u 
the  nainlainablt  pulse  is  commensurate  or  not  with  the  vi- 
brations of  the  reed.  This  plainly  shews  that  the  ur  is  not 
impelled  into  its  undulations  by  the  reed,  but  that  the  reed 
accommodates  itself  to  the  undulations  in  the  pipe. 

We  acknowledge  that  we  cannot  explain  with  distinct- 
ness in  what  manner  the  air  in  a  trumpet  is  first  put  into 
musical  undulations.  We  see  (hat  it  is  only  in  very  long 
and  slender  tubes  that  this  oui  be  done.  In  rhort  tube^j 
considerable  diameter,  like  the  cow-herd' 
only  one  or  two  very  indistinct  notes,  of  which  it  is  di 
to  name  the  pitch ;  and  this  requires  great  force  of 
whereas,  to  bring  out  the  deep  notes  of  the  French  horn,  a 
very  gentle  and  well-regulated  blast  is  necessary.  The  form 
of  the  lips,  combined  with  the  force  of  tlie  blast,  form  all 
the  notes.  But  this  is  in  a  way  that  cannot  be  taught  by 
any  description.  The  performer  learns  it  by  habit,  and/wfr 
that  the  InstrumtiU  leaps  into  its  note  without  him,  when 
he  gradually  varies  his  blast,  and  continues  sounding  the 
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aucfa  puUes,  and  can  ooly  nuintain  such  pulse  as  cnrro 
pond  to  aliquot  parts  of  its  ien|:th  :  and  when  th«  nabnu- 
dmre  is  vm-  nearlv,  but  tiot  accurately,  suiied  to  a  particu- 
Itr  Ikite,  that  note/Dmu  iUetf  in  the  tube,  and,  resting  oa 
(he  tips,  brings  theiu  into  the  rorni  which  can  matulain  it 
wilh  ease.  We  have  a  proof  ot'  this  «lie«  we  attempt  to 
sound  the  note  corri'sponding  to  oite-»evcnih  of  the  length. 
Not  having  a  dislinct  notion  of  this  note,  which  uiukt-s  uo 
P&rt  of  our  scale  of  melodv,  we  cannot  easily  prepare  lor  it 
in  the  way  that  hahit  tea<;iies  us  to  prrpare  for  ihc  ulhers: 
whereas,  from  what  we  shnll  see  presently,  the  notes  one* 
•ulA  and  mu-eighth  are  both  fumiliar  to  tlic  uiind,  and  east* 
ly  produced.  When,  therefure,  we  attempt  to  produce  tba 
note  mu-ttteiUhf  we  slide,  against  our  will,  into  the  one-tixlk 
w  one-rigfak. 

Nor  can  we  completely  illustrate  tlie  formation  of  uium- 
cal  pulses  by  waves  in  water.  A  tanul  is  equally  suscepti- 
ble of  every  height  and  length  of  progressive  waves  ;  where- 
as we  see  that  a  certain  length  of  tube  will  mainuiin  uuly 
certain  determined  pulses  of  air. 

We  must  therefore  content  ourselves  for  llie  present  wilh 
having  learned,  by  means  of  the  reed  pipes,  how  the  air 
may  exist  progressively  in  a  tube,  in  an  alternate  state  of 
condensation  and  rarefaction ;  and  we  shall  now  proceed  to 
consider  how  this  state  of  ihe  air  is  related  to  the  length  of 
the  tube.  And  here  we  can  Ao  no  mure  than  give  an  oul- 
hne  o(  Mr.  Bernoulli's  beautiful  theory  of  fluteu  and  trum> 
pets,  but  without  a  mathematical  examination  of  the  )}arti- 
cular  motions.  We  can,  however,  shew,  willi  sufficient  evi- 
dence, how  the  different  notes  are  produced  from  the  same 
tube.  It  requires,  however,  a  very  steady  attentiuii  from 
the  reader  to  enable  him  to  perceive  how  the  dill'erent  poi- 
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tiom  of  this  air  act  on  each  other.  We  trurt  that  tlus  «il 
now  be  given. 

The  conditions  vhich  must  be  implemented,  hi  order  l» 
mainlain  a  musical  pulse,  are  two:  1.  That  the  vibnuim 
of  the  different  plates  of  air  be  perforn>cd  in  equal  tinui, 
otherwise  they  would  all  mix  and  confound  each  othd. 
2.  That  they  move  altogether,  all  begitimng  and  all  tnd- 
ing  at  the  siune  instant.  It  docs  not  appear  that  any  otiui 
itate  of  vibration  can  exist  and  be  niatntaiaed. 

The  column  of  air  in  a  tube  may  be  considered  as  a  n^ 
toria]  spring  (having  weight  and  inertin).  Thifi  Spring  it 
compressed  and  coiled  up  by  tlie  pressure  of  the  alMUfr 
phcrc.  But  in  this  coiled  sUte  it  can  vibrate  in  itodifisMt 
parts,  as  a  long  spiral  wire  may  do,  though  prmed  a  little 
together  at  the  ends.  It  ia  evident  that  the  aif  within  a 
pipe,  ^lut  at  botli  ends,  may  be  placed  in  such  a  utuatioii, 
in  a  variety  oftvqyt,  that  it  will  vibrate  in  evCTy  part,  in  the 
same  manner  as  a  chord  of  the  same  length  and  wetglii, 
strained  by  a  force  equal  to  the  pressure  of  the  atmospbcre. 
Thus,  in  a  shut  pipe  AB  (Plate  VII.  %.  I),  suppoM  a  bar- 
mooic  curve  ACB,  or  a  wire  of  the  same  wfrigbt  with  ttie 
air,  throwing  itself  into  tlic  form  of  this  curve.  The  force 
which  impels  the  point  C  to  the  axis  is  to  that  which  tm- 
peU  the  point  r  as  CE  to  c  e.  Now,  suppose  the  air  in  this 
pipe  divided  into  parallel  strata  or  plates,  crosung  the  tube 
like  diaphragms.  In  order  that  these  may  vibrate  in  tk 
same  manner  (not  across  the  tube,  but  in  the  direction  nC 
ils  axie),  all  that  is  necMsary  for  the  moment  is,  that  the  ex- 
cess of  the  pressure  of  the  stratum  d  d  above  that  of  the 
stratum// may  be  to  the  excess  of  the  pressure  of  DDabon 
that  of  FF  as  c  e  to  CE.  In  this  ciwc,  tlie  stratum  1 1  will 
be  accelerated  in  the  direction  e  /,  and  the  stratum  EK  is 
ficcelerated  in  the  same  direction,  and  in  the  due  propor- 
tion. Now  this  may  be  done  in  an  infinite  variety  of  ways 
for  a  single  moment.  It  depends,  not  on  the  absolute  Am- 
sify,  but  on  the  larialiott  of  density  ;  because  the  pressure 


UDSICAL  TKDUPRT. 


All 


■ffhia 
■fiibni 


#faiGh  «  particle  of  sir  b  urged  in  any  direction  ariMt 
the  differtmx  of  the  distances  of  the  adjoining  pRrt>- 
on  each  side  of  it.     But  in  order  to  eoMimte  this  vihr»- 
I,  or  in  order  that  it  maj  obtain  at  once  in  the  whole 
',  tliis  variation  of  density  must  continue,  and  be  accoriU 
to  some  connected  hiw.     This  circti  in  stance  greatly  li- 
the ways  in  which  the  vibration  may  be  kept  up.    Mr. 
i  finds  tliat  the  i^uchronism  and  synchronism  can  be 
Ipwntained  in  the  following  manner,  andinnootlKrtliatlic 
could  think  of: 

L«t  AB  (Plate  VII.  6g.  2.)  be  a  cylindrical  pijw.  shut  at 
A,  and  open  at  B.  Tti(.'n,  in  wiiatcver  manner  the  Bound  is 
produced  in  the  pipe,  l)ic  undulations  of  t]ie  contained  air 
nuat  be  performed  as  follows  :  Lvt  a  a  be  a  plate  of  air. 
'bis  plate  will  approach  lo,  and  recede  fium,  the  shut  end 
vibrating  between  tlie  situations  b  b  and  c  c,  the  whole 
Aion  being  ii  c,  and  the  plate  will  vibrate  like  a  pendu- 
lum in  a  cycloid,  The  greater  we  suppose  the  excursions 
a  b,  a  r,  the  louder  will  the  souml  be;  but  tiie  duration  of 
them  all  must  be  the  same,  to  agree  with  the  fact  that  the 
tone  remains  the  same.  The  motion  will  be  accelerated  in 
approaching  to  a  a  from  either  side,  and  retarded  in  the  r^ 
ce»  from  it.  Lei  us  next  consider  a  plate  » t,  more  remote 
from  A.  It  must  make  similar  vibrations  from  the  utui^ 
tioR  ^  ^  to  the  situation  y  y.  But  these  vibrations  must  be 
greater  in  proportion  as  the  plate  is  fartlier  from  A.  It 
cannot  be  conceived  otherwise :  For  suppose  the  plate  •■  •  to 
make  the  sanie  excursions  with  a  a,  and  that  tlic  rest  do  the 
same.  Then  they  will  all  retain  the  same  distances  from 
each  other ;  and  thus  there  will  be  no  force  whatever  acting 
on  any  particles  to  make  them  vibrate.  But  if  every  parti- 
cle make  excursions  proportional  to  its  distance  from  A,  the 
varialion  of  density  will,  in  any  instant,  be  the  isanie  through 
(be  whole  pipe,  and  each  particle  in  the  vibrating  plate  ^  f 
will  be  accelerated  or  retarded  in  proportion  to  il.t  dir-tanec 
from  A;  while  the  accelerations  and  relardaliona  overall 
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wiU,  ID  any  instani,  be  pmportiunal  to  the  distanoe  of  aA 
particle  from  its  place  uf  rest.  All  this  will  appear  to  Iht 
matheinatiuan,  wliu  allemively  considers  any  motncntary  n. 
tustiun  uf  tht!  particles.  In  this  manner  all  the  jMnkln 
vill  support  each  other  in  iht'if  vibrations. 

It  tollows  from  this  description  that  the  air  in  the  lube  ii 
alternaiely  rareticd  and  coodenM-ri.  But  these  changes  an 
very  dittijrent  in  different  parts  of  the  tul>e.  They  DiuttlK 
gi'eatest  of  all  at  A ;  because,  while  all  the  plates  approicfa 
to  A,  they  concur  in  condensing  the  air  ioiniediately  adjmD- 
ing  to  A ;  while  the  air  in  a  a  and  »  ■  is  less  condcntcd  by 
th«  action  of  the  plates  beyond  it.  The  air  at  B  in  almyi 
of  its  natural  density,  K'iiig  in  cquilibrio  with  tlie  surrouitd- 
ing  air.  At  B,  therefore,  there  is  a  small  parcel  of  air,  of 
)(B  natural  density,  which  is  alternately  going  in  and  out 

This  account  is  conlirnied  by  many  facts.  If  the  buttom 
of  the  pi))e  be  shut  by  a  fine  membrane,  stretched  acniu  it 
like  a  drumhead,  with  a  wire  stretched  over  it,  eitiier  exter- 
nally or  inlemally,  in  the  same  manner  as  the  catgut  it 
stretched  across  the  bottom  of  a  drum,  it  will  be  thrown 
into  strong  vibrations,  making  a  very  loud  nmsc:,  by  rattJii)| 
against  the  cross  wire.  The  same  thing  happens  if  the 
membrane  he  pasted  over  a  hole  close  to  the  bottom,  lear- 
ing  a  small  spate  round  the  edge  of  the  hole  without  juute, 
so  thut  the  membrane  may  play  out  and  in,  and  rattle  on 
the  margin  of  the  hole.  This  also  makes  a  prodigious  nuise. 
Now,  if  the  membrane  be  pasted  on  a  hole  tar  from  the  hot- 
tom,  tlif  agitations  will  be  much  fainter ;  and  when  the  holt 
is  near  the  mouth  of  the  pipe,  there  will  be  tw>ne. — Whaii 
pipe  has  its  air  agitated  in  this  manner,  it  is  giving  the  loa- 
est  note  of  which  it  is  susceptible. 

Let  us  next  consiiler  a  piye  ojjcn  at  both  ends.  Lei  CB 
(Plate  VII.  fig.  3.)  \k  this  pipe.  It  is  plain  that,  if  tlwiebt 
a  partition  A  in  the  middle,  \vc  shall  have  two  pipes  AB, 
AC,  each  of  which  may  undulate  in  the  manner  nowd^ 
scribed,  if  the  uiidulatiuus  in  each  be  la  opposite  direcUtau- 
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K  max  la  potnt  of  locti^  ki  both,  aui  Atl  they  vnj  be- 
ll in  tbe  nme  h»taBL  Id  this  cwrt  tbr  atr  «  ndi  Mde 
epBtiboa  wiUbeinthesMDc  stale,  wbeibn-of cumWu- 
B  «r  nre&cboD,  sad  tbe  puttiion  A  itarlf  «iU  alw^ 
B  equi&bno.  It  will  perfectly  rcsvmbW  the  point  C  oC 
Ihrmusical  cord  BFCGH  (Plate  VII.  %  6.),  wbkh  b  in 
cqailibna  between  tbe  «ibnttD|;  forces  of  its  two  parts.  In 
the  pipe,  tbe  ^ates  of  air  od  each  side  are  ntlirr  buth  ■!>- 
pnmtAoDg  it,  or  botb  recedtng  fmai  it,  and  the  partition  t* 
cither  equally  squeezed  fratn  both  side«,  or  eqiudly  drawn 
oatwds.  CmuequeDtly  this  partition  niay  be  remored, 
snd  tbe  parcel:!  of  air  on  each  ude  will,  m  any  insUtnt,  sup- 
port each  other.  I'here  seems  no  other  way  of  cooceivii^ 
these  vibrations  m  open  pipes  which  will  admit  of  an  ex- 
pfauation  by  mrch&Dic&l  laws-  The  vibrations  of  all  the 
plates  must  be  obtained  wriihuul  any  niuluul  hindrance,  iii 
order  to  produce  the  tone  wtiich  we  really  hear;  and  there- 
fore  sucb  vibrations  arc  impressed  by  Nature  on  each  plate 
of  air. 

But  if  this  e?tplanation  be  just,  it  is  plain  that  this  pi])e 
CB  must  give  tlie  same  note  with  the  pipe  AB  (PUte  VII. 
fig.  S.)  of  half  the  length,  shut  at  one  end.  But  the  sound, 
being  doubled,  with  perfect  consonance,  must  be  clear, 
strong,  and  oiellow.  Now  this  is  perfectly  agreeable  to  ob- 
servation ;  and  this  fact  is  an  une<|uivocal  confirmation  of 
the  justness  of  the  theory.  If  we  lakea  sli;nder  pipe,  about 
six  inches  long  and  one  half  of  an  inch  wide,  shut  al  one 
end,  and  sound  it  by  blowing  across  its  mouth,  as  wc  whis. 
tie  on  the  pipe  of  a  key,  or  across  a  hole  tliat  is  close  to  the 
mouth,  and  formed  with  an  e<.Ige  like  the  sound-hole  of  a 
German  flute,  we  shall  get  a  very  dtbliiict  mul  clear  lone 
from  it.  If  we  now  take  a  pipe  of  double  the  length,  open 
at  both  ends,  and  blow  across  its  mouth,  wc  obtain  the  same 
note,  but  more  clear  end  strong.  And  the  note  produced 
by  blowing  across  the  mouth  is  not  changed  by  n  Iiulc  made 
VOL.  I\.  2  K 
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pxaclly  in  the  mkMIe,  in  respect  of  its  muiucal  phcb,  ak 
though  it  13  greatly  hurt  in  point  of  clearnen  snd  stimgtlL 
Also  a  membrane  at  this  hole  is  strongly  agiuted.  All  Uw 
is  in  perfect  conformity  lo  this  mcchanistn. 

Thus  we  have,  in  a  great  measure,  explained  the  effect 
of  an  open  and  a  shut  pipe.  The  shut  pipe  is  aliraya  m 
octave,  graver  than  an  open  pipe  of  the  Banie  length ;  be- 
cause the  open  pipe  is  in  uni»on  with  a  shut  pipe  of  IWf  the 
length. 

Let  AC  (Plate  VII.  fig.  4.)  be  a  pip  shut  at  both  emit 
We  may  consider  it  as  composed  of  two  pipee  AD,  BC,  stop- 
ped at  A  and  C,  and  open  at  B.  Undulatitms  may  beptr- 
formed  in  each  half,  precisely  as  in  the  pipe  A6  of  fig.  8. : 
and  they  will  not,  in  the  smallest  degree,  obstruct  each  other, 
if  wc  only  suppose  that  the  plates  in  each  half  arc  vilvatiiig 
at  once  in  the  same  direction.  The  condensation  in  ABwill 
correspond  with  the  rarefaction  in  BC,  and  the  middle pv- 
ccl  B  will  maintain  iu  natural  density,  vibrating  to  ud 
agui),  across  the  middle  ;  and  two  plates  a  a,  o  «,  whidi  an 
equally  distant  from  B,  will  make  equal  excursions  in  tb« 
same  direction. 

Wc  may  produce  sound  in  this  pipe  by  making  an  opn- 
ing  at  B.  Its  note  will  be  fouhd  to  be  the  same  with  tt»l 
of  BC  of  fig.  3.  oi-  of  AB  of  fig.  2. 

In  the  next  place,  let  a  pipe,  shut  at  one  end,  be  considrr- 
ed  as  divided  into  any  odd  number  of  equal  i»rts,  and  in 
them  be  taken  in  pairs,  beginning  at  the  stopped  end,  *n 
that  there  may  be  an  odd  one  left  at  the  open  end.  It  is 
plain  t)iat  each  of  these  pairs  may  be  considered  as  a  pipt 
stopped  at  both  ends,  as  in  fig.  4. 

For  the  partitions  will,  of  themselves,  be  in  equilibrio,  nd 
mny  be  removed,  and  vibrations  may  be  mainlAined  tn  dK 
whole,  consistent  witli  the  vibration  of  the  odd  part  at  iIk 
open  end  ;  and  these  vibrations  will  all  support  each  o|Imt> 
and  the  plates  of  air  which  are  at  llie  points  ofdimionril 
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rnnain  at  nst  Coneeive  the  jnpe  AB  of  %.  2.  to  be  added 
to  the  pipe  AC  of  fig.  +.  llie  pan  A  of  the  first  bring  jocnHl 
to  A  of  the  oiher.  Now,  suppose  the  vibrations  to  be  per- 
fotved  in  bnth,  in  such  a  manner  that  the  Mmuhaneous  nn< 
dulsiioBS  on  each  side  of  the  j  unction  may  be  in  opposite  di- 
nections,  It  is  plain  that  thv  partition  wilt  br  in  equilibrio, 
a&d  may  be  removed  ;  and  the  plate  of  air  will  perfnnn  th» 
same  office,  being  altrmiitely  the  middle  plate  of  a  condcD- 
aed  and  of  a  rarefied  parcel  of  air.  The  two  pipes  CA,  AB 
will  together  give  the  same  note  that  AB  would  have  given 
aloDe,  but  louder. 

In  like  tnanner  may  another  pipe,  equni  (o  AC,  be  join- 
ed to  the  shut  end  of  this  compound  pipe,  as  in  fig.  5,  and 
the  three  wUI  still  give  the  same  note  that  AB  would  have 
done  lUone. 

And  in  the  same  manner  ma;  any  number  of  pipes,  each 
equal  to  AC,  be  added,  and  the  whole  will  give  still  the 
note  note  that  AB  would  have  given  alone. 

Hence  it  legitimately  follows,  that  if  the  undulations  can 
be  once  begun  in  this  manner  in  a  pipe,  it  may  give  either 
the  sound  competent  to  it,  as  a  single  pipe  AB  (Plate  VII. 
fig.  2.) ;  or  it  may  give  the  sound  competent  to  a  pipe 
of  jd,  Tth,  itli,  &c.  of  its  length  ;  the  undulations  in  each 
part  AB,  BC,  CD,  maintaining  themselves  in  the  manner 
already  described.  This  seems  ilio  only  way  in  whidi  they 
can  be  preserved,  both  isochronous  and  synchronous. 

It  is  known  that  the  gravest  tones  of  pipes  are  as  the 
lengtlis  of  the  pipes,  or  the  frequency  of  tlie  undulations  are 
inversely  as  iheir  lengths.  (This  will  be  daaoKut rated  pre- 
•enlly).  Therefore  tJiese  accessory  tones  should  be  as  the 
odd  numbers  3,  5,  7,  &k.  and  the  whole  tones,  including 
the  fundamental,  should  form  the  progression  of  the  odd 
numbers  1,  3,  5,  7,  &c. 

This  is  abundantly  confirmed  hy  experiment.  Take  a 
German  flute,  and  slop  all  the  finger-holes.     The  flute,  by 
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gradually  fbrciiig  the  blast,  will  |^  thfc.ftnilMifWiil^  At 
18th,  the  17th»  the  2Ut,  fcc*     i;   r      ?      '  ja  -  t  r; 

Againi  let  AD  (Pkte  VII.  6g.  &)  ijeposacM  tkefaqgdi 
of  a  pipe.  CoDftruct  c»i  AD  aB  hanhpiM.  crinrf  AEBFC 
6HD,  in  such  a  manner  that  HD  May  Iie4  AB^  ssf ']IG» 
=  ^  CH.  The  small  ordmatca  «  srVittrAzpraii  dHLMri 
excursion  of  the  plates  of  air  at  the  :pQiBftsai«i» 
those  ordinates  which  are  above  the  aacai  twill:  in^l^Rril? 
nons  on  one  side  of  the  place  of  reatf  aiidt.tfae 
low  will  mark  the  excursions  in  the  opposite  tfiwJBtinns^  in 
the  same  manner  as  if  this  harmonic  curve  weretwitj  a  vi- 
bratii^  cord.  These  excursions  are  nothing  in  the  psiiils 
A,  B,  C,  Hi,  and  are  greatest  at  the  points  B;  F,  6»  A 
where  the  little  mass  of  air  retains  its  natural' densi^,  aal 
travels  to  and  again,  conden^g  the  air  at  B,  or  nHtyiaf 
it,  according  as  the  parcels  E  and  F  are  appRMidunlf  to  cr 
receding  from  each  other.  Thepmnts  A,  B^  C»  H^mt^lrf 
called  Nodes,  and  the  parts  E,  F,  6,  Dp  may  be  eafled 
Bights  or  Limps.  This  represents  Very  well  to  the  eye  the 
motion  of  the  plates  of  air.  The  density  and  velocity  nesd 
not  be  minutely  considered  at  present  It  is  enough  that 
we  see  that  when  the  density  is  increasing  at  A,  by  die  ^ 


*  A  little  reflection  will  teach  us  that  these  tones  will  not  be  perledljr  iathc 
scale.  A  certain  proportion  between  the  diameter  and  length  of  the  pipe  pn- 
duoes  a  certain  tone.  Making  the  pipe  wider  or  smaller  flattens  or  sbsipeas 
this  tone  a  little*  and  also  greatly  changes  its  cleamese.  Orgao-bmldeiSBvbe 
have  tried  every  proportion,  have  adopted  what  they  found  best  This  f^ 
quires  the  diameter  to  be  about  i^th  or  '^th  of  the  length.  Th<trefere»  who 
we  cause  the  same  pipe  to  sound  different  notes,  we  neglect  this  pcopoitioa ; 
and  the  notes  are  false,  and  even  very  coarse,  when  we  prodnce  one  conespoirf* 
iog  to  a  very  small  portion  of  the  pipe.  For  a  similar  reasoot  Mr. 
found  that,  in  order  to  make  his  pitch-pipe  sound  the  octave  to  any  of  its  i 
it  was  not  sufficient  to  shorten  its  capacity  one-half  by  pushing  down  the  piiloi; 
he  found  that  the  part  remaining  most  be  less  than  the  part  taken  off  by  a  Ci- 
ed  quantity  ItV  inches.    Or,  the  length  which  gave  any.Aote  being  t,tht 

length  for  its  octave  must  be  — ^ • 
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pruach  of  the  parcel  E,  it  is  diminishing  at  B  by  the  recess 
t  E  and  F  ;  and  increasing  at  C,  by  the  approach  of  F  and 
%  and  diminishing  at  H  by  the  recess  of  G.  In  the  next 
pbration  it  vili  be  diminishing  at  A  and  C,  and  increaung 
t  B  and  H.  And  thus  the  alternate  nodes  will  be  in  the 
me  state,  and  the  adjoining  nodes  id  oppo^te  states. 
I  The  reader  must  carefully  distinguish  this  motion  from 
fee  undulatory  motion  of  a  pulse,  investigated  by  Newton. 
That  undulation  is  going  on  at  the  same  time,  and  is  a  result 
of  what  we  are  now  u^nsidering,  and  the  cause  of  our  hearing 
this  undulation.  The  undulation  we  are  now  considering  is 
the  original  agitation,  or  rather  it  is  tlie  sounding  body,  as 
much  as  a  vibrating  string  or  bell  is ;  for  it  is  not  the  trum- 
pet that  we  hear,  but  the  air  trembling  in  the  trumpet.  The 
trumpet  is  performing  the  office,  not  of  the  string,  but  of 
the  pin  and  bridge  on  which  the  string  is  strained.  Thb  is 
an  important  remark  in  the  philosophy  of  musical  sounds. 

There  is  yet  another  set  of  note^  producible  from  a  pipe 
besides  those  which  follow  in  the  order  of  frequency  1,  3,  5, 
7,  &c. 

Suppose  a  pipe  open  at  both  ends,  sounding  by  blowing 
across  the  end,  and  undulating,  as  already  described,  with 
a  node  in  the  middle  A  (Plate  VII.  6g.  3.)  If  we  still  ex- 
press t)ie  fundamental  note  of  the  pipe  AB  of  Plate  VII. 
fig-  2.  by  1,  it  is  plain  that  the  fundamental  of  an  open  pipe 
of  the  same  length  will  have  the  tVequeucy  of  its  undula- 
tions expressed  by  2;  because  an  open  pipe  of  twice  tbe 
length  of  AB  (Plate  VII.  fig.  2,)  will  be  1,  the  two  pipes 
AB  (fig.  2.),  and  CB  (fig.  3  ),  being  in  unison. 

But  this  open  pipe  may  be  made  to  undulaie  in  another 
manner;  for  we  have  seen  that  AB  of  Plate  VII.  fig.  2. 
jtnned  to  CA  of  fig.  4,  may  sound  altogether  when  the  par- 
titioD  A  is  removed,  still  giving  the  note  of  AB  (fig.  2.) 
Iiet  such  another  as  AB  (fig.  2}  be  added  to  the  end  C,  and 
Lfel  the  partition  be  removed.     The  whole  may  slill  undu- 
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late,  am)  still  produce  the  same  note ;  that  U,  ■  p!pe  open 
at  both  ends  may  sound  a  note  which  is  the  fundnmenul  rf 
a  pipe  like  All  (fig.  Si ),  but  only  otie-fourlh  of  its  kuffk 
The  pipe  CB  of  fig.  3.  may  thus  he  supposed  to  be  ditided 
into  four  equal  parts,  CE.EA,  AP,  FB,  of  which  ibu  a- 
ircme  pans  EC  and  FU  contain  undulations  similar  to  dww 
in  AB  (fig.  2) ;  and  the  two  middle  parts  contwn  ontluU- 
tions  like  those  in  CA  (fig.  4).  The  partitions  at  E  aai¥ 
may  be  removed,  because  the  undulations  in  EC  a 
will  support  eaeh  other,  if  they  are  in  opposite  dire 
and  those  in  FB  and  FA  may  support  each  olber  i 
same  manner. 

It  must  here  be  remarked,  that  in  this  stale  of  unddl 
the  direclion  of  the  sgiiations  al  the  two  extremities  i 
same ;  for  in  the  middle  piew  EF  the  panicles  are  marmg 
one  way,  condensing  the  air  at  E,  while  they  rarify  il  si  F. 
Therefore,  while  the  middle  parcel  is  moving  fi«iii  E  to- 
wards F,  the  air  at  B  must  be  moving  towards  F,  and  the 
air  at  C  must  be  moving  from  E.  In  short,  the  air  at  the 
two  extremities  must,  in  every  instant,  be  moving  in  tl 
posite  direction  to  that  of  the  air  in  the  middle. 

In  like  manner,  if  the  pipe  CB  of  Plate  VII.  6g.  i 
divided  into  six  parts,  the  two  exireme  parts  may  imdi 
like  AB  of  fig.  2-  and  the  four  inner  parts  may  undulate  hkc 
two  pipes,  such  as  CA  of  fig.  4.  and  the  whole  will  give  the 
sound  which  makes  the  fLindamental  of  a  pipe  ofone-mtli 
of  the  length,  or  having  the  frequency  6. 

We  may  remark  here,  that  the  simultaneous  motion  of 
the  air  at  the  extremities  is  in  opposite  directions,  whenai 
in  the  last  case  it  was  in  the  same  direction.  This  is  aaiy 
seen  ;  for  ns  the  partition  which  is  between  tlie  two  middit 
pieces  must  always  be  in  equtlibrio,  the  air  must  be  coratnj 
in  or  going  out  at  the  extremities  together.  Thi.'j  circuni- 
stance  must  give  some  sensible  difitrrence  of  cliaracter  lodie 
sounds  4  and  6.  In  the  nne,  the  agitations  at  each  end  oT 
the  tube  are  in  the  same  direction,  and  in  the  other  tlicj 
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a  the  opposite.  Both  produce  pulses  of  sound  wliicli 
OQveyed  to  tlic  ear.  Thus  we  see  that  the  air  in  a  pip<^ 
Q  at  both  £iuls  may  uoduktc  in  two  ways.  It  may  un- 
dulate with  a  node  in  the  middle,  ^ving  the  note  of  AB 
(Plate  VII.  fig.  2.).  or  of  its  3d,  5th,  7th,  Sec.  past;  and 
U  may  undulate  with  a  loop  or  bighi  in  ihe  middle,  »uund> 
ing  like  i,  i,  I,  kc.  t>(  AB,  %,  2. 

In  like  manner  may  this  pipe  produce  sQunda  whose  fre- 
quency are  expressed  by  8,  10,  Stc.  and  proceed  as  the 
even  numbers. 

This  state  of  agitation  may  be  represented  in  the  same 
way  that  we  represented  the  sounds  1,  3,  5,  &c.  by  «on- 
■tructing  on  AM  (Plate  VII.  fig.  7.)  an  harniMiic  uucvc^ 
with  any  number  of  nodes  and  loops.  Divide  the  pprts 
AP.  FD,  DE,  EM,  equally  in  C.  O,  P,  B.  Cil  wtll 
correspond  to  the  pipe,  and  the  ordiiuctes  to  the  curve 
GFHDLEN  will  express  the  excursions  oi'  the  plates  of 
air. 

If  the  pipe  gives  its  fundamental  note,  its  length  nm&t  be 
represented  by  CO,  and  the  undulations  in  it  uiill  resemble 
the  vibrations  of  part  CO  of  a  cord,  whose  length  AP  is 
equid  to  2C0,  and  which  has  a  node  in  F. 

If  the  pipe  is  bounding  its  octave,  it  will  be  represented 
by  CP,  and  ila  undulations  will  resemble  the  vibrations  of  a 
cord  CP,  whose  length  A£  is  4  of  CP,  having  nodes  at  F 
and  D.  3ic.  Sec. 

We  can  now  sec  the  possibility  of  such  unduUtJuns  exAA- 
iag  i/i  a  pipe  as  will  be  permanent,  and  produce  all  ihe  va- 
xiety  of  notes  by  a  mere  change  in  the  manner  of  blowing, 
and  why  these  notes  are  in  the  order  of  the  natural  aum- 
liers,  precisely  as  we  observe  to  happen  in  winding  the 
Wuinpet  or  French  horn.  We  have,  I«(,  the  fundamental 
•Xfirewed  by  1 ;  then  the  octave  3;  tlien  the  JStli  3;  the 
4oub]e  octave  4 ;  then  (he  third  major  of  that  octave  5,  or 
il7(h  of  the  fundamental;  then  the  octave  of  the  12lh,  or 
the  £tk  of  this  double  octave,  =  6.     We  then  jump  to  the 
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iriple  octave  8,  without  prodticiiig  the  inlcrmedijUc  a 
i-urreHponding  to  ?  tl'  of  ll>e  pipe.  Witli  mucli  RttenUa 
Clin  hit  it;  and  it  is  a  fact  that  a  peraon  void  of  ii 
ear  Gtuoibles  on  it  as  easily  as  on  any  other.  But  the  n 
cian,  finding  this  sound  begin  with  hum,  and  his  ear  bnng 
grated  with  it,  perhaps  thinks  that  he  is  mistaking  histov. 
bouchure,  and  he  slides  into  tlie  octave.  Afi«r  the  tripUoc- 
lave,  we  easily  hit  the  sounds  corre^pouding  to  i  and  ,Vi 
which  are  the  2d  and  3d  of  this  octave.  Tlie  next  note  ^ 
is  shai-pcr  than  a  just  4th.  We  easily  produce  the  note  12, 
which  is  a  just  Stli ;  13  is  a  false  6th ;  14-  is  a  sound  of  on 
use  in  our  music,  but  easily  hit ;  Id  and  Iti  give  the  exact 
7tb  and  8tli  of  this  octave. 

Thus,  as  we  ascend,  we  introduce  more  ttotea  into  CTcry 
octave,  till  at  last  we  can  nearly  complete  a  very  high  oc- 
tave ;  but  in  order  to  do  this  with  success,  and  tolerable 
readiness,  we  must  take  an  instrument  of  a  very  low  pilch, 
that  we  may  be  able  nearly  to  fill  up  the  steps  of  the  ocU» 
in  which  our  melody  lies.  Few  players  can  make  the  French 
horn  or  trombone  sound  its  real  fundamental,  and  the  oc- 
tave is  generally  mistaken  for  it.  The  proof  of  this  is,  that 
most  players  can  give  the  5tti  of  the  lowest  note  tJiat  they 
are  able  to  produce;  whereas  the  Sth  of  the  real  fiinda- 
mental  cannot  be  uttered.  Therefore  that  lowest  note  is 
not  the  fundamental,  but  the  octave  to  the  fundamental. 

Few  performers  can  sound  even  this  second  octave  oa  a 
short  instrument,  such  as  tlie  ordinary  miiitary  tmropct ; 
and  what  they  imagine  to  be  the  fundamental  sound  <^thxs 
instrument  is  the  double  octave  above  it.  This  appesn 
very  strange ;  and  it  may  be  asked,  how  we  know  whit  ii 
really  the  fundamental  note  of  a  trumpet.^  Theaniwerto 
this  is  to  be  obtained  only  by  dctiiotistrating,  on  niechaoical 
principles,  what  is  the  frequency  of  undulation  currespoiul- 
ing  to  a  given  length  of  pipe.  This  is  a  proposition  equal- 
ly  fuiidameutal  with  its  corresponding  one  in  the  theory  of 
musical  conis;  but  we  have  reserved  it  till  now,  because 
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readers  would  stop  short  at  such  an  tDvestigalion,  wlio 
ab)«  to  understand  completely  uhat  wehave  nuw  dcUvi!!'- 

conccrning  the  music  of  the  trumpet. 

Suppose  therefore  a  pipe  shut  at  both  cuds,  and  that  the 
rbole  v'lighl  of  the  contained  air  is  concentrated  in  its  mid- 
dle point,  the  rest  retaining  its  ekslicity  without  inertia; 
or  (which  is  a  more  accurate  conception),  let  the  middle 
point  be  conceived  as  extending  its  etaslicity  to  the  two  ex- 

milies  of  the  pipe,  being  repelled  from  each  by  a  force  io- 
:Iy  as  the  distani:e.  Let  the  length  of  thia  pipe  be  L. 
is  may  also  express  the  weight  of  the  middle  pinte  of  air, 
wltich  will  always  be  proportional  to  the  length  of  the  pipe, 
because  all  is  sup[»»ied  to  be  concentrated  there.  Let  £  be 
the  eiastiuty  ot  the  air  This  must  be  measured  by  the 
pressure  of  the  atmosphere,  or  by  the  weight  of  the  column 
of  mercury  in  the  barometer.  Perhaps  the  rationale  of  this 
will  be  belter  conceived  by  some  readers  by  considering  E 
•s  the  heij>ht  of  a  homogeneous  atmosphere.  Then  it  is 
phun  that  E  is  to  L  as  tlie  weight  of  this  atmospheric  co- 
luton  to  the  weight  of  tlie  column  of  the  same  air  which  fills 
the  pipe  whose  length  i^  L..  Then  it  is  also  pl^a  that  E  is 
lo  X>  as  the  external  pressure,  and  consequeuUy,  as  the 
elasticity  which  supjiorts  that  pressure  is  to  the  weight  or 
inertia  of  the  matter  to  be  moved.  Let  this  middle  plate  or 
diaphragm  be  withdrawn  from  its  place  of  rest  to  the  verjr 
miall  disTauce  a.  The  elasticity  or  repuUioii  will  be  augment- 
ed cm  one  side  and  diminished  on  Uie  other;  and  the  diflereucc 
between  them  is  the  only  force  which  impels  the  diaphragm 


I 

toward  the  middle  point,  and  causes  it  to  vibrate,  or  pro-         ^H 
daces  the  undulation.     It  is  plain  that  the  repulsion  on  one         ^H 

^■1^  '*  ~i a  ^  ^»  ""^  17—  3  o  ^  ('**'"  T  '^  —  «  :  5  L  =        ^H 

^^Bt :    .-^-_^'-),  and  the  repulsion  on  the  other  wde  is  j  y^  ,  ^H 

^^KX  E,  or  1 -.  o^  E.     The  diill-rence  of  these  repulsions  is        ^H 
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E  X  L  X  L9_4flg«    But  as  we  suppose  a  ezoeedm^y 


small  in  comparison  with  L,  this  diBkrenoB^  or 

^^    ^  ♦a       ^     E 

ing  force,  may  safely  be  expressed  by  E  "]^,  or  4fl  "j;. 

Hence  we  deduce,  in  the  first  plaoe,  that  ihe  uodulatioBi 
will  be  isochronous,  whether  wide  or  xutfiow ;  became  the 
accelerating  force  is  always  proportional  to  tbe  distance  c 
from  the  middle  point 

Now,  let  a  penduluoit  whose  quantity  of  matter  is  L|  ad 

length  a,  be  supposed  to  vibrate  in  a  cycloid  by  tbe  bnt 

4  a  4  E 

"-JJ-E  or  -^  a.     It  must  perform  its  vibrations  m  the 

same  time  with  the  plate  of  air;  because  tbe  moving  fixce^ 
the  matter  to  be  moved,  and  the  space  aloiig  whidi  they  aie 
to  be  similarly  impelled,  are  the  same  in  both  cases.  Let 
another  pendulum,  having  the  same  quantity  of  matte  L, 
vibrate  by  its  weight  L  alone.  In  order  that  these  tip 
pendulums  may  vibrate  in  equal  times,  their  lei^ths  mmt 

be  as  the  accelerating  forces.    Therefore  we  must  have  "j- 

«  :  L  =r  a  :  ^TE^  =  ITE'  ^^^^^  ^^  therefore  the  length  of 

the  synchronous  pendulum. 

Now,  a  cord  without  weight  and  inertia,  but  loaded  with 
the  weight  L  at  its  middle  point,  and  strained  by  a  weigbt 
E,  and  drawn  from  the  axis  to  the  distance  d,  is  precisely 
similar  in  its  motion  to  the  diaphragm  we  are  now  consider- 
ing, and  must  make  its  oscillations  in  the  same  time. 

This  is  applicable  to  any  number  of  plates  of  air,  by  sub- 
stituting in  the  cord  a  loaded  point  for  each  of  the  plates; 
ibr  when  tiie  case  is  thus  changed,  both  in  tlie  pipe  and  tbe 
cord,  the  space  to  be  passed  over  by  the  plate  of  air  bears 
the  same  proportion  to  a,  winch  is  passed  over  by  tbe  whole 
air  concentrated  in  tlie  middle  point,  which  the  space  to  be 
passed  over  by  the  corresponding  loaded  point  of  the  cord 
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srs  to  that  parsed  over  by  the  whole  matter  of  the  cord 
mncentraied  in  the  middle  point ;  and  the  same  equality  of 
obtains  in  the  ac(«lerating  fortes  of  the  ptale  of  air 
]  the  corresponding  loaded  point  of  the  coid.     Suppose, 
Kn,  a  pipe  divided  into  2,  3,  4,  Sic  equal  parts,  by  1,3,  3, 
bphraguis,  each  of  which  contains  the  air  of  the  intcrven- 
[  portion  of  the  pipe,  the  whole  weight  L  being  equally 
ivided  among  tlicm.      If  there  be  but  one  diaphragm,  its 
It  OHist  be  L  ;  if  two,  the  weight  of  each  mut>l  be  f  L  ; 
X,  the  weight  of  eacli  must  be  f  L ;  and  ao  oa  for  any 
mber. 

msidering  this  attentively,  we  may  infer,  without 
ther  investigation,  what  will  he  the  undulations  of  all  the 
fferent  plates  uf  air  in  a  pipe  slopped  at  both  ends.  We 
have  only  to  compare  it  with  a  cord  similarly  divided  aad 
loaded.  Increase  tlic  number  oi'  loaded  points,  and  dimi- 
nish the  load  on  each,  continually — it  is  evident  that  tilts 
terminates  in  the  case  of  a  simple  cord,  with  its  matter  uni- 
fumily  diffused;  and  a  niuiple  pipe,  with  its  air  also  uniform* 
ty  diffused  over  its  whiilc  length. 

Therefore,  if  we  take  an  elastic  cord,  and  stretch  it  by 
such  a  weight  lltat  the  extending  weight  may  bear  the  same 
proportion  to  the  accelerating  force  acting  on  the  wlwte  mat- 
ter concentrated  in  its  middle  point,  which  tlie  etusUcity  of 
the  air  bears  to  its  accelerating  force  acting  on  the  whole 
matter  concentrated  at  the  mouth  of  an  open  pipe,  sounding 
its  fundamental  note,  the  cord  and  the  air  will  vibrate  in  the 
same  time.  Moreover,  since  the  proportion  between  the 
vibrations  ofacord  so  constituted,  and  those  uf  a  cord  Itaving 
its  matter  uniformly  diffused,  is  the  same  witli  the  propol^- 
lion  bc:n'L'eu  the  undulaliuns  in  a  pipe  so  constituted,  and 
those  of  a  pipe  in  which  the  air  is  uniformly  diS'used — it  is 
plain  that  the  vibrations  of  tlie  cord  and  uf  the  pi)M>  in  their 
natural  state  will  also  be  performed  in  equal  times. 
~Ve  locrfc  on  this  as  the  easiest  way  o4' obtaining  *  distinct 
ption  of  the  authority  on  which  we  rest  our  knowledge 
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of  the  absolute  number  of  undulations  of  tbe  air  in  a  [upe  of 
given  length.  It  may  be  obtained  directly  ;  and  Danid 
Bernoulli,  Euler,  and  others,  have  given  very  elegant  sdu- 
tions  of  this  problem,  without  having  recourse  to  the  analo- 
gy  of  tbe  vibrations  of  cords  and  undulations  of  a  column  of 
air.  But  it  requires  more  mathematical  knowledge  than 
many  readers  are  possessed  of  who  are  fully  able  to  follow 
out  this  analogical  investigation. 

Let  us  therefore  compare  this  theory  with  experiment. 
What  we  call  an  open  pipe  of  an  organ  is  the  same  which 
we,  in  this  theory,  have  considered  as  a  pipe  <qpen  at  both 
ends ;  for  the  opening  at  the  foot,  which  the  oigan*builders 
call  the  VOICE  of  the  pipe,  is  equivalent  to  a  complete  open- 
ing. The  aperture,  and  the  sharp  edge  which  divides  the 
wind,  may  be  continued  all  round,  and  the  mud  admitted 
by  a  drcular  slit,  as  is  represented  in  Plate  VII.  fig.  10.  We 
have  tried  this,  and  it  gives  the  most  brilliant  and  dear  tones 
we  ever  heard,  far  exceeding  the  tones  of  the  organ.  An 
open  organ  pipe,  therefore,  when  sounding  its  fundamental 
note,  undulates  with  one  node  in  its  middle,  and  its  undula- 
tions are  analogous,  in  respect  of  their  mechanism,  to  the 
vibrations  of  a  wire  of  the  same  length,  and  the  same  weight, 
with  the  column  of  air  in  the  pipe,  and  stretched  by  a  weight 
equal  to  that  of  a  column  of  the  same  air,  reaching  to  the 
top  of  a  h(miogeneous  atmosphere,  or  equal  to  the  weight 
of  a  column  of  mercury  as  high  as  that  in  the  barometer. 

Dr.  Smith  (see  Harmonics^  2d  edit.  p.  193.)  found  tliat  a 
brass  wire,  whose  length  was  35,55  inches,  and  weight  31 
troy  grains,  and  stretched  by  7  pounds  avoirdupois,  or  49000 
grains,  was  in  perfect  unison  with  an  open  organ  pipe  whose 
length  was  86,4  inches. 

Now  86,4  inches  of  this  wire  weighs  75,34  grains.  When 
the  barometer  stands  at  SO  inches,  and  tlie  thermometer  at 
66^  (the  temperature  at  the  time  of  the  experiment),  the 
height  of  a  homogeneous  atmospliere  is  332640  inches.  This 
has  the  same  proportion  to  the  length  of  the  pipe  which  the 


MUSICAL  ^BUMPET.  5?5 

of  the  atmosphere  has  to  the  weight  of  the  column 
contaiiied  in  the  pipe. 
^Hew  88,4  :  338640  =  76,34  :  290060.  This  wire,  there. 
flhouM  be  stretched  (if  the  theory  be  just)  by  290060 
in  otder  to  be  unison  with  the  other  wire^  and  we 
iia?e     .     .     .     35,55' :  86,4?  =  49000  :  290060 
m  truth,    .    .    .     35,55*  :  86,4^  =  49000 :  289430 

is 630 

emr  acarody  exceeds  siv,  and  does  not  amount  to  an 
of  one  Tibration  in  a  second. 
We  must  therefore  account  tliis  theory  as  accurate,  see- 
it  agrees  with  experiment  with  all  desirable  exact- 


Wo  may  also  deduce  from  it  a  very  compendious  rule  for 

the  absolute  number  of  aerial  pulses  made  by 

pipe  of  any  g^ven  length.    When  considering  the 

cf  cords,  we  found  that  the  number  of  vibrations 

in  a  second  is  v  — _ 1,  where  E  is  the  extending 

W  the  weight  of  the  cord,  and  L  its  length.     Let 

be  the  hei^t  of  a  homogeneous  atmosphere.    We  have 

HW  HW 

weight  =  -^  9  =  E.    Therefore  substituting  — j^  for 

in  the  above  formula,  we  have  the  number  of  aerial  pul- 

,                   ^         /386B            \/'^STI      T^^^ 
ses  made  per  second  =  v      it   >  ^  = ^ — ' 

^SWI^,  computed  in  inches,  is  11331.     Therefore,  if  we 

slso  measure  the  length  of  the  pipe  L  in  inches,  the  pulses 

11331 
IB  a  seoond  are  =  — r—  *     Thus,  in  the  case  before  us, 

'ML  =  131,12,  or  this  pipe  produces  131  pulses  m  a  se- 

eond.     Dr.  Smith  found  by  experiment  that  it  produced 
190,0;  differing  only  about  fth  of  a  pulse*. 


*  "  Id  tlw  precediog  rule,  Profesior  Robisoo  coosiden  the  number  of 
at  cqsel  to  the  Dnmber  of  Tibrmtkmi  performed  by  tbe  air  in  the  pipe* 
the  nnnber  of  vibrations  bj'  extending  to  an  open  pipe  tbe 
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We  see  ihMi  the  pitch  of  a  pipe  depends  on  the  bci|^ar 
the  homogeneous  atmosphere.  This  may  Tary  fay  adnap 
of  temperature.  When  the  ur  is  wanner  it  expands,  ad 
the  weight  of  the  induced  odumn  u  lessened,  wlule  it  ilill 
carries  the  same  pressure.  Thefefiare  the  pitdi  must  na 
Dr.  Smith  found  his  oi^n  a  full  quarter  tone  higher  in  sdbi- 
mer  than  in  winter.  The  effect  of  this  is  ciften  Mt  in  eoa- 
oerts  of  wind  instruments  with  stringed  instrumenlSL  Tin 
heat  which  sharpens  the  tone  of  the  first  flattens  the  hut 
The  harpsichord  soon  gets  out  of  tune  with  the  homs  sad 
flutes. 

Sir  Isaac  Newton,  comparing  the  velocity  of  sound  wilk 
the  number  of  pulses  made  by  a  pipe  of  given  length,  ob* 
served  that  the  length  of  a  pulse  was  twice  the  length  oftbe 
open  ppe  which  produced  it.  Divide  the  space  passed  offr 
in  a  second  by  the  number  of  pulses,  and  we  obtain  the 
length  of  each  pulse.  Now  it  was  found  that  a  pipe  of  81 J 
inches  produced  262  pulses.  The  velocity  of  sound  (as  ooo- 
piited  by  the  theory  on  which  our  investigation  of  the  undo- 
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lations  in  pipes  proceeds)  b  960  feet.     Now ggg — = W 

inches  very  nearly,  the  half  of  which  is  22,  which  hardly  dif- 
fers from  21,9.  The  difference  of  this  theoretical  velocity 
of  sound,  and  its  real  velocity  11 42  feet  per  second,  remsins 
still  to  l>e  accounted  for.  We  may  just  observe  here,  that 
when  a  pipe  is  measured,  and  its  length  called  21,9,  we  do 
really  allow  it  too  little.  The  voice-hole  is  equivalent  to  a 
portion,  not  inconsiderable  of  its  length,  as  appears  very 
clearly  from  the  experiments  of  Mr.  Lambert  on  a  variable 


formula  which  he  had  previously  founJ  for  the  vibratioos  of  a  ftriog.  No* 
as  that  fbrmnla  eTprtssfs  the  single  vibrations  of  a  string:,  the  extension  of  it 
must  express  the  number  of  single  vibratioof  of  the  air  in  a  pipe,  and  coaie- 
qucntly  give  double  the  nuiiibtr  of  pulses.  If  Ibis  rule  be  applied  to  then- 
ample  given  iu  the  second  next  paragraph,  it  will  be  found  to  give  aoubleihe 
number  of  pul*es  mentionevl  there  by  that  philosopher."— Ed ixaricH  Escy- 
.  LOP^PM,  Art.  Acoi>Tjcs,  Chap.  III. 
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,  and  on  tlie  Greiman  flute,  reccpTcled  in  llie  Bcrlio 
or  1776.   He  found  it  equivalent  lo  {tb ;  and  thia 
t  for  reconciling  these  measures  of  a  pulse  wiib 
the  real  velocity  of  Bound. 

The  delermination  which  we  have  given  of  the  undula- 
ms  of  air  in  an  organ  pipe  is  indirect,  and  is  but  a  sketch 
L the  beautiful  theory  of  Daniel  Bernoulli,  in  which  he 
tHea  nith  accuracy  llie  precise  undulation  of  eacli  plate  ol' 
I  botli  in  respect  of  position,  density,  velocity,  and  direc* 
B  of  its  motion.  Il  is  a  pleasure  to  observe  how  the  di& 
int  equations  coincide  with  those  which  express  the  vibr** 
B8  of  an  elastic  cord.  Hut  this  would  have  taken  up 
1  room,  and  would  not  have  been  suited  to  the  infor- 
ktn  of  many  curious  readers,  wliacan  easily  follow  the 
Iran  of  reasoning  which  we  have  employed. 

Mr.  Bernoulli  applies  the  same  theory  to  the  explanation 
o(  the  undulations  in  flutes,  or  instruments  whose  aounda 
are  modified  by  holes  in  the  sides  of  the  pipe.  But  thisia 
fmeign  to  our  purpose  of  explaining  the  music  of  the  trumpet. 
We  shall  only  observe,  that  a  hole  mode  in  that  part  of  a 
pipe  where  a  node  should  form  itself,  in  order  to  render 
practicable  the  undulation?,  competent  to  a  particular  note, 
prevents  its  formation,  and  in  its  place  we  only  get  such  un- 
dulations (and  tiieir  corresponding  sounds)  as  have  a  loop  in 
that  place.  The  intelligent  reader  will  perceive  that  this 
ttogle  circumstance  will  explain  almost  every  phenomenon 
of  flutes  with  holes ;  and  also  the  effects  of  holes  in  inslru- 
menls  wiih  arced  voice,  such  as  the  hautboy  or  clarionettc. 
We  now  see  that  the  sound  or  musical  pitch  of  a  pipe  is 
inversely  as  its  length,  in  tlie  same  manner  as  in  strings. 
And  we  learn,  by  comparing  them,  that  the  sound  of  a 
trumpet  has  the  same  pitch  with  an  open  organ  pipe  ol'  the 
same  length.  A  French  horn,  16  feet  long,  has  the  sound 
CJkiU,  which  is  also  the  sound  of  an  open  flute-pipe  of 
that  Ungth. 

The  Tbohbone,  great  trumpet,  or  Sackbct,  is  an  old 
hutrument  described  by  Mersennus  and  otlier  authors  of 
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the  last  century.  It  has  a  part  which  aKdet  (air-tigfat)  intk 
in  the  other.  By  this  oontriTaiice  the  pitdi  em  be  akorf 
by  the  performer  as  he  plays.  This  is  a  fpreat  improieMMl 
when  in  good  hands ;  because  we  can  thaa  oorrect  all  the 
false  notes  of  the  tnimjiet,  which  are  werj  offiensivey  wim 
they  occur  in  an  emphatical  or  holding  Bote  of  a  pMoe  cf 
music.  We  can  even  employ  thbcoutriwace  Ibr  filfiog  up 
the  blanks  in  the  lower  octaves. 

We  must  not  take  leave  of  this  sutgcct  wicfaoat  takhy 
notice  of  another  discovery  of  Mr.  Bemoulli^a,  whidi  is  ci- 
oeedingly  curious,  and  of  the  greatest  importance  in  the 
philosophy  of  munc. 

Artists  had  long  ago  observed  that  the  deep  notes  of  ■■- 
flcal  instruments  are  sometimes  aocompanied  by  their  hff- 
monic  sounds.  This  is  mo«Kt  clearly  peroeivcd  in  bells^  sane 
of  which  give  these  harmonics,  particulariy  the  12th,  almort 
as  strong  as  the  fundamental.  Musidans,  by  attiading 
more  carefully  to  the  thing,  seem  now  to  think  that  tbnao- 
companiment  is  universal.  If  one  of  the  finest  sounding 
strings  of  the  bases  of  a  harpsichord  be  struck,  we  can  hcsr 
the  12th  very  plainly  as  the  sound  is  dying  away,  and  the 
17th  major  is  the  last  sound  that  dies  away  on  the  ear. 
This  will  be  rendered  much  more  sensible,  if  we  divide  the 
wire  into  Ave  parts,  and  at  the  points  of  division  tie  rooixl 
it  a  thread  with  a  fast  knot,  and  cut  the  ends  off  verv  short. 
This  makes  the  string  false  indeed  by  the  unequal  loading; 
but,  bv  rendering  those  narts  somewhat  less  moveable  bv 
this  additional  matter,  the  portions  of  the  wire  between  these 
points  are  ttius  j<^:ged.  as  it  were,  into  secondaiy  vibratims, 
which  have  a  more  sensible  proportiaQ  to  the  fandaoeatil 
vibration*.  This  is  still  more  sensible  in  the  sound  of  the 
strings  of  a  violincelk>  when  so  kxided ;  but  we  must  be 
careful  not  to  load  them  too  much,  because  this  would  so 
much  retard  the  tundjiTLntjJ  vibratioo.  without  retarding 
the  secondary  \ibra::.^ns  that  hoih  cannot  be  muntvned 
tngviher.     (A'.  B.  This  experiment  always  pioduoesa  beat 
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I  the  sound).— Listening  to  a  fine  sounding  Hute-pipe  of 
e  organ,  we  can  also  very  often  perceive  the  same  thing. 
'.  Ramcau,  and  most  other  theorists  in  music,  now  assert 
Wt  this  is  tlie  essence  of  a  musical  sound,  and  luceuarilif 
ii  all  of  them,  distinguishing  them  from  harsh  noises, 
meau   has  made  tliis  the  foundation  of  his  sv^tem  of 
lusic,  asserting  that  the  pleasure  of  harmony  results  from 
B  successful  imitation  of  this  harmony  of  Nature,     But  a 
tic  logic  should  convince  these  theorists  that  they  must 
!  mistaken.      If   a,   note  is  musical  because   it  has  these 
Ximpaniments,  and  by  this  composition  alone   is    a  mu- 
\  note,  what  are  these  harmonics  ?     Are  they  musical 
This  is  granted.      Therefore  they  have  the  same 
mpositiun;   and  a  musical  note  must  consist  at  once  of 
pery  possible  sound  ;    yet   we  know  that  this  would  be 
jarring  noise.      A  little  mathematics,  too,  or  mcclianics 
luld  have  convinced  them.     A  simple  vibration  is  surely 
a  most  possible  thing,  and  therefore  a  simple  sound.     No, 
say  the  theorists ;  for  though  the  vibration  of  the  core]  may 
be  simple,  it  produces  such  undulations  in  the  air  as  excite 
in  us  the  perception  of  the  harmonics.     But  this  is  a  mere 
assertion,  and  leaves  the  question  undecided.     Is  not  a  sim- 
ple undulation  of  the  air  as  possible  as  the  simple  vibration 
of  a  cord  ? 

It  is,  however,  a  very  curious  thing,  that  almost  all  mu- 
sical sounds  really  have  this  accompaniment  of  the  octave, 
12th, double  octave,  and  17th  major;  for  these  are  th^har- 
nwnics  that  we  hear. 

The  jealousy  of  Leibnitz  and  of  John  Bernoulli,  and 
their  unfriendly  thoughts  respecting  all  the  British  mathe- 
maticians, made  John   Bernoulli   do   every  thing  in  his 
.  |»wer  to  lessen  the  value  of  Dr.  Taylor's  investigation  of 
i  vibration  of  a  musical  cord.     Taylor  gave  him  a  good 
ifftunity.     Perhaps  a  little  vain  of  his  investigation  of 
»  abstruse  matter,  he  thought  too  much  of  it.   He  aHirm- 
a  that  the  harmonic  curve  was  the  essential  form  of  a  string 
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giviug  a  muBical  noto.  This  wta  denied,  without  Icnowlng 
at  first  wbetlicr  it  was  true  or  false.  But  as  the  analylic 
mathematics  improved,  it  was  at  length  found  tJiat  lh«n  are 
an  inilnity  of  forms  into  wliich  an  elastic  cord  can  be  thrown, 
wbichareconsislenlbothwith  isochronous  vibrations,  whether 
wide  or  narrow,  and  also  with  the  condition  of  the  whole 
cord  becoming  ■  slruglit  line  at  once.  £uler,  D'Alerabert, 
and  De  hi  Grange,  have  prosecuted  this  matter  with  great 
ingenuity,  aud  it  is  one  of  the  finest  problems  of  the  present 
day. 

Daniel  Bernoulli,  of  a  very  diiferent  cast  of  mind  from 
hia  illustrious  friends,  admired  both  Newton  and  TayM 
and  so  far  fiom  wishing  to  ecUpse  Dr.  Taylor  by  the  i 
ditions  he  had  made  to  his  theory,  tried  whether  lie  c 
not  extend  Taylor's  doctrine  as  far  as  the  authur  had  said. 
When  he  took  a  review  of  what  he  had  done  while  explaiK- 
ing  ihe  partial  vibrations  of  musical  cords,  he  thought  it 
very  possible  that  while  a  cord  is  vibrating  in  three  portions, 
with  two  nodes  or  points  of  rest,  and  sounding  the  I9ih  tn 
its  fundamental,  it  might  at  the  same  time  be  alio  vibrating 
as  a  simple  cord,  and  sounding  its  fundamental  Dote.  It 
was  possible,  he  thought,  that  the  three  portions  might  be 
vibrating  between  the  four  points  with  a  triple  frequency, 
while  the  two  middle  nodes  were  vibrating  across  the  straight 
,  tine  between  the  two  pins ;  and  thus  the  vibrating  curd 
might  be  a  moveable  axis,  to  which  the  rapid  rihraliuos  of 
the  three  parts  might  always  be  referred.  This  was  very 
specious  ;  and  when  a  little  mure  attentively  cunaideml, 
became  mure  probable :  for  if  the  cord  A  ;>  B  ^  C  r  D  (Plate 
VII.  fig.  8.)  be  vibrating  as  a  12th  to  \ls  fumlarocnial  AD, 
the  points  B  and  C  are  in  equihbrio.  If  therdbre  these 
two  points  be  laid  hold  of  by  hooks,  and  Ik  drawn  aside  to 
a  and  y,  wliile  the  string  is  yet  vibrating,  this  should  not 
hinder  the  vibrations.  If  the  hooks  be  annihilated  in  an  tn< 
elMt,  Uie  whole  should  vibrate  between  A  and  D :  aiul  this 
abonld  be  in  a  way  Tery  different  fhrni  the  ample  vibraiioa. 
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the  question  now  is,  will  [lie  cord  continue  to  vibrate  with 
the  k»ps  fi  I  y,  fi  I]  y.  Sic.  in  the  !)(>Oth  part  of  a  second  {lor 
instance,)  while  the  whole  string  vibrates  from  A  jd  r  D  to 
A  ^  /  D  in  the  3(X)lh  part  of  a  second  ?  or  will  it  at  once 
jtcquW  the  fonn  oi  the  simple  harmonic  curve  ?  The  case 
in  which  it  is  most  likely  to  take  the  latter  mode  of  vibration 
is  when  the  pmnls  4  and  y  are  let  go  at  the  instant  that  each 
portion  of  the  string  is  Jn  the  middle  of  its  vibration,  and 
therefore  forms  the  line  A  ,a  y  D,  But  a  moment's  conside- 
ratioQ  will  shew  us  that  it  cannot  do  this  ;  for  nt  that  itislant 
the  point  e,  fur  instance,  which  had  come  from  q,  is  moving 
oatwards  with  a  most  rapi<l  motion,  and  therefore  will  con- 
liDae  to  go  outward,  while  4  and  r  are  approaching  the  axis. 
The  point  ic,  on  the  contrary,  is  at  this  moment  approadi- 
hig  the  axis  with  a  motion  equally  rapid.  They  cannot 
dKTcfore  all  come  to  the  axis  at  once,  and  the  vibration  must 
differ  greatly  from  a  simple  one.  On  the  other  hand,  let  it 
be  supposed  that  both  species  of  vibrations  can  be  preserved, 
and  that,  at  the  moment  of  letting  go  the  points  fi  and  y, 
(he  cord  has  the  form  A  m  ^  9  y  b  D.  Then,  when  b  and  v 
have  come  to  B  and  C,  having  made  ^  a  vibration,  the  point 
m  will  be  in  the  axis,  having  made  a  vibration  downward, 
and  a  half  vibration  upwards,  q,  in  like  manner,  is  in  the 
axis,  having  made  a  whole  vibration  upwards,  and  half  a  vi. 
bration  downwards,  n  is  like  m.  Thus  the  whole  comes  to 
the  axis  at  once ;  and  in  such  a  manner,  that  if  the  points 
B  and  C  were  instantly  stopped,  the  three  portions  would 
coDtinue  their  partial  vibrations  without  any  new  eSurt.  The 
remit  of  thia  compound  vibration  must  be  a  compound  pulse 
of  air,  which  will  exdle  in  us  the  perception  of  the  funda- 
mental sound  and  of  its  13th.  The  consequence  will  he  the 
tome  if  the  points  ,3  and  y  are  stopped  any  where  short  of 
the  axis ;  and  therefore  (said  Bernoulli)  the  string  will  real- 
ly vibrate  so  if  not  stopped  at  all. 

But  tliis  was  refused  by  Euler,  who  observed  (hat  in  the 
poiflts  II  and  y  of  contrary  flexure,  having  no  curvature, 
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llivre  oin  be  no  accelerating  force.     TBm  < 

to  attempt  a  direct  investigatjon, 

currsturcs  and  accelerating  forcea  in  the  (fiAa 

He  hod  the  pleasure  of  finding  that  tbe  a 
arining  from  the  curvature  in  erery  point)  i 
NUch  a»  would  produce  the  accelerations 
(KHnls  for  pvrfurtning  the  motion  that  w« 
ho  tfxhiltttecl  the  equations  expresNve  of  the  itate  of  tW 
cord  iu  all  these  points.  And,  on  the  faith  of  these  equa- 
tions, he  restored  the  Taylorean  curve  to  the  nuk  niiA 
lis  inventor  had  given  it;  and  he  asserted  that  in  every 
musical  vibration  the  cord  was  disposed 
curve  either  simple  or  compound.  He  farther  shewed  1 
the  equations  which  Euler  and  D'Alembert  had  ^ven  I 
the  musical  curd  (at  least  in  the  cases  which  they  hadpul^ 
lished)  were  included  in  his  equations,  and  that  their  equa- 
tions only  i-xliibited  its  momentary  states,  while  his  own 
cquBtioiiH  shewed  the  physical  connection  of  them  all;  wbid 
is,  that  the  wtiulc  cord  forms  a  harmonic  curve  between  the 
two  lixed  pins,  while  its  difierent  portions  form  subordinate 
harmonic  curves  on  tbe  lirst  as  an  axis.  £uler  and  D'Alen- 
boTt,  although  they  acknowledge  this  in  the  particular  cases 
which  they  had  taken  as  examples,  on  account  of  tlieir  uiii> 
plicity,  sUll  inast  tliai  no  subordinate  harmonic  vibratiofls 
can  correspond  to  all  the  states  of  an  elastic  cord  which  tlicii 
equations  exhibit  as  isochronous  and  permanent.  Mr.  Ber- 
noulli's death  put  an  end  to  the  controversy,  and  the  ques- 
tion (considered  as  a  general  theory)  is  perhaps  still  und^ 
ridcd.  It  may  very  probably  be  true,  that  as  a  simple  ti- 
bration  may  Iw  permanent  which  never  has  the  form  of  iIk 
simple  harmonic  described  by  Dr.  Taylor,  so  a  vibration 
may  exist  compounded  of  such  vibrations,  and  therefore  nut 
rxprvssihle  by  any  equation  deduced  from  the  Tayiureu 
curve. 

But,  in  tbe  mean  time,  Mr.  Bernoulli  has  made  tbe  iiio*i 
In'autirul  discovery  in  mecbasics  wtucb  has  qipcved  in  the 


^ 


UUSICAL  TRCaPET.  533 

of  the  loEt  century,  and  has  explained  the  most  curi- 
18  phenomenon  of  continued  sounds,  viz.  thea/mM(  ujHDer- 
accompanimcnt  of  the  harmonic  notes  of  any  fundamen- 
aound.     For  this  tuKtplibUUy  of  compouuded  variation 
not  confined  to  a  12th,  but  is  equally  demonstrable  of 
'ery  other  harmonic     Nay,  it  is  evident  that  the  same 
iple  vibration  of  a  cord  may  furnish  a  moveable  axis  to 
ire  than  one  liarmonic.     For  as  the  simple  vibration  can 
ive  a  subordinate  harmonic  vibration  superinduced  upon 
Eo  may  this  compound»l  vibration  have  another  superin- 
it,  and  so  on  to  any  degree  of  compoution.     And 
iher,  as  Mr,  Bernoulli  has  shewn  the  complete  analogy 
Itetween  the  accelerations  of  the  different  points  of  an  elastic 
cord  and  of  the  corresponding  plates  of  a  column  of  mr,  it 
itimately  follows  that  all  the  consequences  which  we  can 
lily  deduce,  respecting  the  vibrations  of  an  clastic  cord, 
ly  be  affirmed  respecting  the  undulations  of  a  column  of 
air  in  a  pipe.     Therefore  this  accompaniment  of  the  har- 
monics must  not  be  confined  to  the  music  of  strings  and 
bells,  but  equally  obtains  in  the  music  of  wind  instruments. 
And  thus  the  doctr'me  becomes  universal. 

Mr.  Bernoulli  did  not  think  it  enough  to  shew  that  these 

compound  vibrations  arc  possible.     He  endeavours  to  shew 

that  this  accompaniment  must  be  frequent.     He  dlustrates 

this  very  prettily,  by  supposing  that  a  toothed  wheel  is  turn- 

ed  round,  and  rubs  with  ils  teeth  on  an  elastic  cord.     If  tl» 

successive  dropping  of  the  teeth  keepexactly  pace  with  such 

vibrations  as  the  cord  can  take  and  maintain  by  its  elasticity, 

these  will  certainly  be  funned  on  it.     If  the  intervals  do  not 

tly  correspond,  a  Utile  reflection   will  shew  that  the  agi- 

whieh  the  cord  acquires  will  approximate  to  those 

thich  it  can  maintain ;  and,  if  when  tliey  are  exactly  so  la 

any  place  of  it,  the  wheel  be  in  that  instant  removed,  this 

vibration  will  remain  aud  dilfuse  itself  through  the  rest  of 

&x  cord ;  so  that  the  very  last  dying  quiver  (so  to  speak) 

lU  be  a  harmonic.     Every  barmonic  agitation  tends,  by  the 


very  nature  of  the  thing,  to  contiDUt?,  while  those  that  mt 
incompatible  really  da  destroy  each  other ;  aod  the  very  hn 
must  be  the  remainder  ur  superplus  of  such  as  could  con. 
tinuc,  over  those  which  destroyed  each  other.  Accordinglj, 
the  harmonic  notes  of  H-ires  are  always  inost  distinctly  hi 
as  the  sound  is  dying  away. 

There  in  no  rjccasion  now  to  »ay  any  thing  about  the  f*Q 
of  Rameau's  Gfneration  HarmoniqMe  as  a  theory  of  miu 
pleasure.  Our  harmonies  please  us,  not  because  a  souna 
accompanied  by  its  harmonics,  but  because  harmooicfi  pUl 
Hill  principle  is  therefore  a  tautolt^,  and  gives  no  ii 
lion  whatever.  His  tlieory  is  a  \ery  fortxd  accc 
of  this  principle  to  the  practice  of  musicians,  and  taste  of  Uk 
public.  He  is  exceedingly  puizled  io  the  case  of  the  mw- 
dMxiRonff,  or  4tb  of  the  scale,  and  the  6th  where  there  u  do 
resonnancc.  He  says  that  these  notes,  **  fremissent,  qooi- 
qn^lles  nc  resonnent  pas."  Bui  this  Diisleods  us.  Thtj 
do  not  reMHind :  because  a  Ith  and  6th  cannot  be  praduoed 
At  all  by  dividing  the  cord.  They  tremble ;  becwHe  tba 
fatae  4th  and  false  6th  are  very  near  the  true  ones,  and  die 
true  4th  and  6ih  would  both  tremble  and  resound,  if  tb^ 
were  made  false.  A  string  will  both  tremble  and  Tvsound, 
if  very  itearly  true,  as  any  one  observes  the  12th  and  I7th 
on  a  harpsichord  tremble  and  resound  wry  strongly,  tfaon^ 
t]ity  are  tempere<I  notes.  The  whole  theory  is  arertaiiMd 
at  once  by  tuning  the  4th  false,  so  as  to  oortespood  to  an 
aliquot  divisioQ  of  the  cord.  It  will  then  resound ;  and  if 
this  had  happened  to  he  agreeable,  it  would  bare  been  catcl^ 
ed  at  as  the  sousdominante. 

The  physical  cause  of  the  pleasure  of  hannofue  soundt '» 
vet  to  seek,  as  much  as  Mir  choice  of  thoee  notes  tat  ndeij 
which  gire  us  the  best  harmony  (see  TKHrvKaJUxr).  We 
hare  do  he^tation  in  sayii^  that,  with  respect  to  our  choice 
Ac  two  arc  quite  indepeiKkaL  Thousands  enjoy  the  hi^ 
«st  pkssure  from  melody  w^o  aevei  beard  a  baraonia 
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tnd.  All  the  untaught  singers,  and  all  simple  nations, 
B  examples. 
L  Tbey  not  only  fix  on  certain  intervals  as  the  strps  of  tlielr 
es,  but  are  disgusted  when  other  steps  are  taken.  Nor 
1  we  hesitate,  for  the  very  same  realms,  lo  say  that  the 
les  of  accurnpanimeni  are  dependent  ou  the  cantus  or  air, 
]  by  no  means  on  the  fundamental  bass  of  Ilamefiu.  The 
»idence  assumed  by  him,  as  the  rule  of  accompaniment, 
mid,  if  properly  adheretl  to,  according  to  his  own  notions 
Ktfae  comparative  values  of  the  harmonics,  lead  to  the  most 
RItastic  airs  imaginable,  always  jumping  by  large  intervals, 
A  altogether  incomp.itibic  with  graceful  music.  The  rules 
f  modulation  which  he  has  sqia-czed  out  of  his  principle, 
B  nothing  but  forceUi  very  forced,  accommodations  of  a 
f  Tague  principle  to  the  current  practice  of  his  contera- 
iraries.  They  do  not  suit  the  primitive  melodies  of  many 
RioDS,  and  they  have  caused  these  national  musics  to  de- 
This  is  acknowletlged  by  all  who  are  not  per- 
]  by  the  prevailing  habits.  We  have  heard,  and  could 
e  down,  some  most  enchanting  lullabies  of  simple  pea- 
Mt  women,  possessed  of  musical  sensibility,  but  far  remov- 
f  io  the  cool  sequestered  vale  of  life,  from  all  opportuni- 
■  of  stealing  from  our  great  composers,  Some  of  these 
ibies  never  fail  to  charm,  even  the  most  erudite  muai- 
I,  when  sung  by  a  fine  flexible  voice :  but  it  would  puzzle 
'.  Rameau  lo  accompany  them  lecundum  arCem. 
^We  conclude  this  subject  by  describing  a  most  beautiful 

1  instructive  experiment. 
L-Mr.  Watt,  the  celebrated  engineer,  was  amusing  himself 
>ut  the  year  1763)  with  organ-building,  and  invented  a 
ichord  of  continued  sound,  by  which  he  could  tune  an 
ti  with  mathematical  precision,  according  to  any  propos- 
ed lysiem  of  temperament.  It  consisted  of  a  covered  string 
of  a  violincello,  sounding  by  the  friction  of  an  ivery  wheel. 
The  instrument  did  not  answer  Mr.  Watt's  purpose,  by 
reason  of  the  dead  harshness  of  its  tone,  and  a  flutter  in  the 


530  ACOUSTICS. 

string  by  the  unequal  action  of  Uie  wheel-  But  Mr.  Will 
was  amused  by  observing  the  string  frequently  Liking,  of  ib 
own  accord,  points  of  division,  which  remsun  fixed,  while  At 
rest  was  in  a  stale  of  strong  vibration.  Tlie  iiittruiseBt 
came  into  the  possession  of  the  writer  of  tins  arUcle.  H< 
soon  saw  that  it  gave  him  an  opportunity  of  making  all  (he 
cxprriments  which  Bernoulli  could  only  relate.  When  the 
string  was  kept  in  a  slate  of  simple  vibration,  by  a  very 
uniform  and  gentle  motion  of  the  wheel,  if  its  middle  pwni 
was  then  gently  touched  with  a  quill,  this  point  immedi»l»>. 
ly  stopped,  but  the  string  continued  to  vibrate  in  two  partt, 
sounding  the  octave:  And  this  it  continued  to  do,  boweio 
strong  the  vibrations  were  rendered  afterward*  by  iDcnav 
ing  the  pressure  and  velocity  of  the  wheel.  The  bum  ttiio| 
happened  if  the  string  was  gently  touched  at  one  thinl. 
It  instantly  divided  itself  into  three  parts,  with  two  uaitt, 
and  sounded  the  I'it.h.  In  the  same  manner  the  douUt 
octave,  the  17th,  and  all  otlier  harmonics,  were  pfoductd 
and  maintained. 

But  the  prettiest  experiment  was  to  put  something  vA, 
such  as  a  lock  of  cotton,  in  the  way  of  the  wide  vibralHW 
of  ihe  cord,  at  onc'third  and  two-thirds  of  its  length,  so  k 
to  disturb  them  when  they  became  very  wide.  When  ibri 
was  done,  the  string  instantly  put  on  the  appanJxe  of 
(Plate  Vn.  Sg.  8.)  perfonoing  at  once  the  full  vibnUim 
competent  to  its  whole  length,  and  the  three  subordiniU 
vibrations,  corresponding  to  one-third  of  its  length,  uid 
sounding  the  fundamental  and  the  13th  with  equal  firength. 
In  this  manner  all  the  diSerent  accompui intents  were  pro- 
duced at  pleasure,  and  could  be  oontiiiued,  e^eo  with  StfVH 
■ounda.  And  it  vas  amusing  to  obeerrei,  wben  tbc  wM 
was  Btrof^y  pressed  to  the  string,  and  tbc  nociaa  <i 
Ihe  nodes  wouk)  form  themselves  oa  variouB  pn 
string,  running  from  one  pait  to  anoUier.  Tim  w 
(Koonipuued  oith  all  the  jairtng  Munds  which  o 
to  tbctn. 
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'  When  the  string  was  mnking  very  gentle,  simple  vibra- 
ns,  and  the  wheel  hardly  touching  it,  if  a  violincello  wiw 
ule  losound  the  12th  very  strongly  in  its  neigh liou i Ixiod, 
i  string  instantly  divided  itself,  and  vibrated  in  unison. 
>quenlly  retaining  its  simple  vibration  and  fundamental 
We  recommend  this  experiment  to  every  ]ierson  wlio 
lushes  to  make  himself  well  acquainted  with  ihe  mechanism 
ounds.     He  will  see,  in  a  most  ^nsible  and  coii- 
iucing  manner,  how  a  single  string  of  the  ^olian  harp 
s  all  the  changes  of  harmony,  sliding  from  one  sound 
D  another,  according  as  it  is  affected  in  its  different  parts  by 
I  irregular  breeze  of  wind.     The  writer  of  this  article  has 
lUempted  to  regulalc  these  sweet  hamicnic  notes,  and  to 
■troduce  them  into  the  organ.     His  success  has  been  very 
^uraging,  and  the  sounds  far  exceed  in  pathetic  sweot- 
s  any  that  ba^e  yet  been  produced  by  that  noble  inslru- 
But  he  has  not  yet  brought  them  fully  under  com- 
uid,  nor  made  them  strong  enough  for  any  thing  but  the 
fleet  chamber  music.     Other  necessar)'  occupations  pre- 
■nt  him  from  giving  the  attention  to  this  subject  that  it  de- 
He  recommends  it  therefore  to  the  musical  instni- 
lent-makers  as  richly  deserving  their  notice.     His  genial 
lethod  was  this :  A  wooden  pijx^  is  made,  whose  section  is 
I  double  square.     A  partition  in  the  middle  divides  it  into 
S»o  pipes,  along  side  of  each  other.   One  of  them  communi- 
B  with  the  foot  and  wind  chest,  and  is  shut  at  the  upper 
The  other  is  open  at  the  upper,  and  shut  at  the  low- 
t  end.     In  the  partition  there  is  a  slit  almost  the  whole 
ph,  and  the  sides  of  this  slit  are  brought  to  a  very 
X)th  chamfered  or  feather  edge.     A  fine  catgut  ia  strain- 
i  in  this  slit,  so  as  almost  to  touch  the  sides.    It  is  evident 
aX  when  the  wind  enters  one  pipe  by  the  foot,  it  passes 
li  the  slit  into  the  other,  and  escapes  at  the  top,  which 
Bopen.     In  its  passage  it  forces  the  catgut  into  motion,  and 
iduces  a  musical  note,  having  all  the  sweetness  of  the 
feotiRn  harp.     The  strength  of  sound  may  be  increas-ed  by 
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K;s  intention  in  this  article  doen  not  extend  to  the  mn- 

Kisl  practice  of  this  art,  nor  even  to  all  the  parts  of  the  ma- 

We  mean  to  consider  the  most  important  and  diffi- 

tolt  part  of  the  construction,  namely,  the  method  of  apply- 

t  the  inainlainrng  power  of  the  wheels  to  the  regulator 

f  the  motion,  so  as  not  lo  hurt  its  power  of  regulation. 

The  regulator  of  a  clock  or   watch  is  a  pendulum  ur  n 

Without  this  check  to  the  motion  of  the  wheel?. 

lelled  by  a  weight  or  a  spring,  the  machine  would  run 

iwa  with  a  motion  rapidly  accelerating,  till  friction  and  the 

esistance  of  the  air  induced  a  sort  of  uniformity,  as  they  do 

pa  Vilchen  jock.     But  if  a  pendulum  be  so  put  in  the  way 

ihis  motion,  that  only  one  tooth  of  a  wheel  can  pass  it  at 

!l  vibration,  the  revolution  of  the  wheeU  will  depend  on 

p  vibration  of  the  pendulum.     This  has  long  been  obscrv- 

a  have  a  certain  constancy,  insomuch  that  the  astrono- 

t  of  the  "EiMt  employed  pendulums  in    measuring  the 

!8  of  their  observations,  patiently  counting  their  vibr»- 
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tions  during  the  phases  of  an  eclipse  or  the  tiatifiti 
stars,  and  renewing  them  l)y  a  little  push  wiiii  the  finger  1^ 
when  they  became  too  small.  Gassendi,  Riccioli,  and  Qthen,  1( 
in  more  recent  times,  followed  this  example.  The  cdrbni. 
ed  physician  Sanctorius  is  thejirst  person  who  is  Tnentioad 
as  having  applied  them  as  regulators  of  clock  inovctnflilL 
Machines,  however,  called  clocks,  witli  a  train  of  tootlwd 
wheels  leading  round  an  index  of  hours,  had  been  contrirtd 
long  before.  The  earliest  of  which  we  have  any  ac»iuDt 
is  that  of  Richard  of  Wallmgford,  Abbot  of  Sl  Alban'«,iii 
1326  •-  It  appears  to  have  been  regulated  by  a  fly  like* 
kitchen  jack.  Not  long  after  this  Giacomo  Doodi  nude 
one  at  Padau,  which  had  a  molus  stieatssoriut,  a  hob- 
bling or  trotting  motion ;  from  which  cxpressioii  itatemi 
probable  that  it  was  regulated  hy  some  alternate  morenieiit. 
We  cannot  think  that  this  was  a  pendulum,  becnuse,  tnce 
it  was  introduced,  it  never  could  have  been  supplanted^ 
a  balance.  The  altcrnaic  motion  of  a  pendulum,  and  iu 
seeming  uniformity,  are  among  the  most  familiar  ol»errft. 
tions  of  common  life;  and  it  is  surprising  that  tlicy  ircR 
not  more  early  tliought  of  for  regulating  time  measuim; 
The  alternate  motion  of  the  old  balance  is  one  of  the  most 
far-fetched  means  that  can  be  imagined,  and  might  pan 
for  the  invention  of  a  very  reflecting  niind,  while  a  peulii* 
lum  only  requires  to  be  drau-n  aside  from  the  plumb-liiw, 
to  make  it  vibrate  with  regularity.  The  balance  must  be 
put  in  motion  by  the  clock,  and  that  motion  must  be  slop- 
ped, and  the  contrary  motion  induced  ;  and  we  must  koow 
that  the  same  force  and  the  same  checks  will  produce  uai- 
ibrm  oscillations.    All  this  must  be  previously  known  before 
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'eie  uied  in  some  nioiiaiUrinBcu'T 

I  ccutury,  mi  (hat  they  sere  derived  to  the  monki  froin  the  Stn. 

:  autharitiei,  howeTer,  aie  discordant,  anil  seem  nol  covptedli  a- 
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Dthinkofit  &sart^Utor;  yelsoitis  that  docks,  r^ii- 
K  baUnoe,  were  long  used,  sad  very  coninion  through 
before  Galileo  proposed  the  peitdulum,  about  the 
~year  1600.  Pendulum  clocks  then  came  into  general  use, 
and  were  found  to  be  greatly  preferable  to  balance  dock*  as 
accurate  measuru-s  of  tiine.  Mathematicians  saw  that  tlieir 
Tibratiuns  had  some  regular  dependcuce  on  unitbrm  gravi- 
ty, and  in  their  writings  we  meet  with  many  attempts  to 
determine  the  tune  and  demonstrate  the  isodironism  of  the 
vibnUions.  It  is  amu^ng  to  read  these  attempts.  We 
wonder  at  the  awkwardness  and  insufficiency  of  the  expla- 
nation given  of  the  motions  of  pendulums,  even  by  men  of 
■dtnowl edged  eminence.  Mersennus  carried  aa  a  most  use- 
ful corres{»ndence  with  all  the  mathematidans  of  Eurojir, 
and  was  the  means  of  making  them  acquainted  with  ea<:li 
other ;  nay,  he  was  himself  well  conversant  in  the  science ; 
yet  one  cannot  but  smile  at  Iiis  reasonings  on  this  subject 
Standing  on  the  shoulders  of  our  pretleccssors,  we  look 
around  us,  in  great  salisfactioa  with  our  own  powers  of  ob- 
servation, not  thinking  how  we  are  raised  up,  or  that  we 
are  trading  with  the  stock  left  us  by  the  diligent  and  saga- 
cious philosophers  of  the  I7th  century*.  Rircioli,  Gasscn- 
dus,  and  Galileo,  made  similar  attempts  to  explain  the  mo- 
tion of  pendulums ;  but  without  success.  This  honour  was 
reserved  for  Mr.  Huygbcns,  the  most  elegant  of  modem 
geometers.  He  had  succeeded  in  1656  or  1657  in  adapt- 
ing the  machinery  of  a  dock  to  the  maintaining  of  the  vi- 
brations ot  B  pendulum.  Charmed  with  the  accuracy  uf 
its  performance,  he  began  to  investigate  with  scrupulous  at* 
lenlion  the  theory  of  its  motion.  Bv  the  most  ingenious 
and  elegant  appHcaiioD  of  geometry  to  mechanical  problems 
he  demonstrated  that  the  wider  vibrations  of  a  pendulum 
employed  more  time  than  the  narrower,  and  that  the  time 
of  a  semicircular  vibration  is  to  ibat  of  a  very  small  one 
nearly  as  34  to  29iand,  aided  by  a  new  department  ofgeii- 
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metrical  science  invented  by  himself,  namelj,  the  evtJutioD 
of  curves,  he  shewed  how  to  make  a  pendulum  swing  lai 
cycloid  and  that  its  vibrations  in  this  curve  are  all  peribn^ 
ed  in  equal  times,  whatever  be  their  e^Ltent. 

But  before  this  time,  Dr.  Hooke,  the  most  ingeniou*  ad 
inventive  mechanician  of  his  age,  bad  discovered  the  pot 
accuracy  of  pendulum  clocks,  having  found  that  the  nuimet 
in  whi«h  they  had  been  employed  had  obscured  tbeir  nd 
merit.  They  had  been  made  to  vibrate  in  v«ry  large  ardn, 
the  only  motion  that  could  be  given  them  by  the  contrive 
ces  then  known ;  and  in  1656  he  invented  another  mdM, 
and  made  a  clock  which  moved  with  astonishing  regulantj 
Using  a  heavy  pendulum,  and  making  it  swing  in  very  smiD 
arches,  the  clocks  so  constructed  were  found  to  excel  Mr. 
Huyghen's  cycloidal  pendulums;  and  those  who  were  no- 
friendly  to  Huyghens  had  a  sort  of  triumph  on  the  occasion. 
But  this  was  the  result  of  ignorance.  Mr.  Huyghens  hsl 
shewn,  that  the  error  of  ^^^  of  an  inch,  in  the  fonnation  of 
the  parts  which  produced  the  cycloidal  motion,  cattted  a 
greater  irregularity  of  vibration  than  a  circular  vibntkn 
could  do,  although  it  should  extend  five  or  »x  degnes  on 
each  side  of  the  perpendicular.  It  has  been  found  that  t)ie 
unavoidable  inaccuracies,  even  of  the  best  artists,  in  tbe  cy- 
cloidal construction,  make  the  performance  much  intiericirta 
that  of  a  common  pendulum  vibrating  in  arches  which  do 
not  exceed  three  or  four  degrees  from  the  perpendicuUr. 
Such  clocks  alone  are  now  made,  and  they  exceed  ail  expec- 
tation. 

We  have  said  that  a  pendulum  needed  only  to  be  renMrcd 
from  the  perpendicular,  and  then  let  go,  in  order  to«lwiIe 
and  measure  time.  Hence  it  might  seem,  that  notbtogis 
wanted  but  a  mocliinery  so  connected  with  the  pendutom  u 
to  keep  a  register,  as  it  were,  of  the  vibration.  It  couldart 
be  difficult  to  contrive  a  method  of  doing  this ;  but  moRB 
wanted.  Theurmust  be  displaced  by  the  pendulum.   Thb 
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Iquuvs  Eome  tone,  tnd  must  (herafurc  employ  some  part 
f  the  momeDtum  of  the  pendulum.  The  pivot  on  which 
I  swings  occa^ons  friction— the  thread,  or  tltin  piece  of 
letal  by  which  it  is  hung,  in  order  to  avoid  this  friction, 
■cauons  aome  expenditure  of  force  by  its  want  of  perfect 
nilnlity  or  elasticity.  These,  and  other  causes,  make  the 
BnaUons  grow  more  and  more  narrow  by  degrees,  till  at 
■t  the  pendulum  is  brought  to  rest-  We  must  therefore 
■Vc  a  contrivance  in  the  wheel-work  which  will  restore  to 
pe  pendulum  the  small  portion  of  force  which  it  loses  to 
prery  vibraUon.  The  action  of  the  wheels  therefore  may 
P  called  a  VMiiitaining  pmcer,  because  it  keeps  up  the  vibra- 

^  But  we  now  see  that  this  may  affect  the  regularity  of  vi- 
IkstJon.  If  it  be  supposed  that  the  action  of  gravity  rend- 
Bi  all  the  vibrations  isochronous,  we  must  grant  that  the 
Pditional  impulsion  by  the  wheels  will  destroy  that  isochro- 
Bsni>  unless  it  be  so  applied  that  the  sum  toul  of  this  im- 
tnlsion  and  the  force  of  gravity  may  vary  so  with  the  situa- 
■DD  of  the  pendulum,  as  still  to  give  a  series  of  forces,  or  a 
pir  of  variation,  perfectly  similar  to  that  of  gravity.  This 
pmnot  be  effected,  unleis  we  know  both  the  law  which  r^- 
laUtes  the  action  of  gravity,  producing  isocbronism  of  vi- 
ntitm,  and  the  intensity  of  the  force  to  be  derived  from  the 
Uieels  in  every  situation  of  the  pendulum. 
[  The  necessary  requisite  for  the  isochronous  motion  of  the 
pmdulum  is,  that  tlie  force  which  urges  it  toward  the  per- 
intficular,  be  proportional  to  its  distance  from  it ;  and  diere- 
bre,  since  pendulums  swinging  in  small  circular  arches  are 
fensibly  isochronous,  we  must  infer  that  such  is  the  law  by 
bbich  the  accelerating  action  of  gravity  on  them  is  really 
Iccommodated  to  every  situation  in  those  arches. 
t  It  will  greatly  conduce  to  the  better  understanding  of  the 
jffect  of  the  maintaining  power,  if  the  reader  keep  in  con- 
BBual  view  the  chief  circumstances  of  a  motion  of  this  kind. 
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Tlicrefore  let  AC  a  (Piate  VIII.  fig.  1.)  represent  the  ardi 
passed  over  by  the  penduluto,  stretched  out  into  a  atrufht 
line.  Let  C  be  its  middle  pcunt,  when  the  peoduluiii  hangs 
perpendicular,  and  A  and  a  be  the  cxtreniilies  of  the  osdll^ 
tiun.  Let  AD  be  drawn  perpendicular  to  AC,  to  represent 
the  accelerating  action  of  gravity  on  the  pendulum  when  il 
is  at  A.  Draw  the  strught  line  DCfJ,andad,  perpendicu* 
lar  to  A  a.  About  C,  as  a  centre,  describe  the  semiorde 
AFH  a.  Through  any  points  B,  K,  fc,  b,  he  of  A  a,  Anm 
the  perpendiculars  BF£,  ELM,  &c.  cuttuigbotli  the  »ttaigbt 
line  and  the  semicircle.     Then, 

1.  The  actions  of  gravity  on  the  pendulum,  when  in  the 
situations  B,  K,  &c.  by  which  it  is  urged  toward  C,  arepra- 
purtional  to,  and  may  be  represented  by,  the  ordinates  BE, 
KL,  b  c,  k  I,  he  to  the  straight  line,  DC  d. 

2.  The  velocities  acquired  at  B,  K,  &:c  by  the  acceleri- 
tiun  along  AB,  AK,  he.  are  proportional  to  the  ordinales 
BF,  KM,  he  to  the  semicircle  AH  a ;  and,  therefore,  tbc 
velocity  with  which  the  pendulum  passes  through  llic 
middle  point  C,  is  to  its  velocity  in  any  other  pcnot  B,  at 
CH  lo  BF. 

3.  Tlie  times  of  describing  the  parts  AB,  BK,  KC,  iee. 
of  the  whole  arch  of  oscillation,  are  proportional  to,  uul 
may  be  represented  by,  the  arches  AF,  Fil,  MH.  Sic.  of 
the  semicircle. 

4.  If  one  pendulum  describe  the  arch  represented  by  AC 
a,  and  another  describe  the  arch  KC  t,  they  will  describe 
them  in  equal  Umes,  and  their  maximum  velocities  (tIl 
tlieir  velocities  in  the  middle  point,)  are  proportional  to  AC 
and  KC ;  that  is,  the  velocities  in  the  middle  point  arepnk 
portional  to  the  width  of  the  osdllalions. 

The  same  proportions  are  true  witli  respect  lo  the  oui 
tions  outwards  from  C.  That  is,  when  tlie  penduluio  de- 
scribes CA,  with  the  initial  velocity  CH,  its  velocity  at  Ki» 
reduced  to  KM  by  the  retardmg  action  of  gravity.     ItB 
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bduoed  to  BF  at  B,  and  l«  nutbiug  ut  A ;  ami  lh«  time*  ut' 
bribing  CK,  KB,  BA,  CA,  tst  as  U.M,  MF,  FA.  HA. 
lolher  pendulum  setting  out  tVoru  C,  wiib  tliv  initiaj  vi-Uwi* 
IkCO,  reaches  only  to  K,  CK  being  =  t'U,  Alau  liiu  tiinuii 
*  equal. — It' we  consider  the  whole  owilluimu  ui  iwrturDietl 


',  thelui 


s  AD,  BE,  Kl.awclor 


;  ihu 


direclion  / 
ndtilum,  and  the  similar  forces  a  d,  b  r.  A-  /,  on  the  other 
,  retard  it.      The  cuiilrar^  hii[)[>ens  in  the  uext  uwdlft- 
uon  aCA. 

5.  The  areas  DABKt  DAKL,  Sic.  arc  prnportinnal  to 
the  squares  of  the  vi^locilies  acqiiiri.'d  liy  moving  alonj;  AIt| 
AK,  8ic.  or  to  thedimiiiulioii  ot'tlii^squitrtiKorihe  vi-locilies 
sustained  by  moving  out>vurds  along  BA  or  KA,  fifc. 

The  consideration  of  tins  figure  will  eiublu  ilie  r<-i»U-r  (even 
though  not  a  mathematician)  to  form  sumi-  noUun  uf  tint  uf- 
fect  of  any  proposed  applicutiun  of  a  raaintuining  power  by 
mmta  of  wheel-work  ;  For,  knowing  the  weight  of  the  i>cn- 
dullUD,  we  know  the  accelerating  action  of  that  weight  ia 
any  particular  situation  A  of  the  pendulum.  WeaUu  know 
what  addition  or  subtraction  we  produce  on  the  pentlulum  iu 
thotutoation  by  the  wheel-work.  Suppose  it  in  an  addition 
of  pressure  equal  to  a  certain  number  of  gruina.  We  con 
moke  AD  to  D  >  as  the  first  io  the  last ;  and  th<  n  A  )  will 
be  the  whole  force  urgingthe  pendulum  toward  C  Doing 
the  same  for  every  point  of  AC,  we  obtain  a  hoe  )  i  a  C, 
which  is  a  new  scale  of  fi^rces,  and  the  space  DC  ),  con)pre- 
i  between  the  two  »caie%  CD  and  C  ),  will  eiprcM  tlie 
1  made  to  tJie  square  of  the  velocity  by  tht^  ouiiutain- 
ag  power  in  passiog  along  AC  by  the  joint  action  of  thai 
power  oad  the  power  of  gravity.  Alio,  by  drawing  a  line  ■  » 
pspeodiculor  to  AC.  making  the  space  Own  equal  to  CAD, 
^^iv  pout  w  wiU  be  the  limit  of  the  otcJllatton  outward  from 
^^HiiriKre  the  nuuol  velocity  HC  ia  eUJDgui»h«d.  If  tlwbiw 
^^Pp-CHt  ibe  Bome  cirde in  (,  coe-balfthe  arch  I  A  will  nearly 
czpNM  the  ooBtnction  mMde  ia  the.  tine  of  the  uutwonJ  u»- 
riltatWi  bf  tfaeiMUittaiiintg  power.    An  accuroli;  di-tctudno- 
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tion  of  this  last  circumstance  is  operoE«,  and  evrn  diAcult ; 
but  this  solution  is  not  far  from  tlie  truth,  and  will  greally 
assiRt  our  judgment  ot'the  effect  of  any  propuuil,  ewo  Ibuu^ 
It  »  be  (tran-n  only  by  the  judgment  ot'the  eye,  making  tilt 
area  left  out  as  nearly  eqtial  to  the  area  taken  in  ai  we  en 
estimate  by  inspection.     This  is  said  from  experienoK 

Since  the  moiion  of  a  pendulum  or  balance  is  ahenwlii^ 
while  the  pressure  of  the  wheels  is  constantly  in  one  cJirc^ 
tion,  it  is  plain  that  some  art  must  be  used  to  accommodHe 
the  one  to  the  other.  When  a  tooth  of  tlie  wheel  has  giTcn 
the  balance  a  motion  in  one  direction,  il  must  quit  it,  thalit 
may  get  an  impulsion  in  the  opposite  direction.  The  bk 
lance  or  pendulum  thus  escaping  from  the  tooth  of  the 
wheel,  or  the  tooth  escaping  from  the  balance,  haa  given  lo 
the  general  contrtvaoce  the  name  of  scapkmknt  amongour 
artists,  from  the  French  word  crhapprment.  We  proeeoi, 
therefore,  to  consider  this  subject  more  particularlj,  fini 
considering  the  scapcnients  which  are  peculiarly  suited  to  Om 
small  vibrations  of  pendulums,  and  then  thoee  which  n 
produce  much  wider  vibrations  in  balancetr.  Tbis,  i 
some  other  circumstances,  render  the  scapemento  fir  p 
lums  and  balances  very  different. 

I.  Of  the  Jdionof  a  niitel  and  Patkt. 
The  scajiement  which  has  Ijecn  in  use  for  dodo  and 
watches  ever  since  their  first  appearance  in  Europe,  is  ei- 
tremely  simple,  and  its  mode  of  operation  is  too  obrious  Id 
need  much  explanation.  In  Plato  VIII.  fig,  8.  XY  rep*- 
s^nts  a  horizontal  avis,  to  which  the  pendulum  P  is  attached 
by  a  slender  rod,  or  otherwise.  This  axis  has  two  IcavnC 
aod  D  attached  to  it,  one  near  each  end,  and  not  in  the  sane 
plane,  hot  so  that  when  the  pendulum  hangs  perpendicular- 
ly, and  at  rest,  the  piece  C  spreads  a  few  degrees  to  the 
right  hand,  and  D  as  much  to  the  lelC  They  eomnwnlv 
make  an  angle  of  70,  80,  or  90  degrees.  These  two  firm 
are  called   pallets.     AFB  represents  a    wbtel,   tumuif 
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rauDJ  OD  a  petpradkuUr  axU  EO,  ia  the  order  of  tbe  leu 
tns  AFER  Tfa«  teetb  oT  this  wheel  arc  cut  iatu  ilu-  fum 
of  the  leelh  ot~  a  saw,  leaning  forward,  tu  the  dirvcliuQ  iif 
the  moiimi  of  (he  rim.  As  they  somewhat  meiuUe  the 
pgtuLi  of  AD  old-rashkMM'd  ntyiX  diadem,  this  whc^l  ha£  got 
tbenaime  ofitte  mowx  wiiksl.  In  vatciics  it  is  often  caU 
Ic4  the UoMx  Bc4n/.  Tlienumberof  twihisgenerallvnU; 
M>  that  when  oqc  oT  ttx-m  R  is  prc^ang  nn  a  pallet  D,  the 
oj|lp8ile  pallet  C  is  iu  tlie  spocv  belween  twu  tcrlb  A  and  I. 
Tfte  figure  represeuis  the  pendulum  at  tlic  extremity  of  ita 
^T^^^nxu1^l  to  the  right  hand,  the  tooth  A  lutving  juii  eaca|>- 
cdfrqtn  the  pallet  C,  and  the  tooth  B  havii^  just  dropped 
no  the  pallet  D.  It  is  plain,  tliat  as  the  pendulum  now 
moves.gvec  to  the  left,  in  (he  anrh  PG,  tlie  tutilli  U  mitaum 
lo  press  OD  the  pallet  D,  and  thus  accelerates  the  pendulum, 
both  during  its  descent  along  the  arch  FU,  and  its  a»cent 
along  the  arch  HG.  It  is  no  less  eviditu,  that  when  tJte 
pallet,  D,  bj  turning  round  the  bms  XV,  raises  its  poiui 
above  the  plane  of  the  wheel,  the  tooth  B  escapes  from  it, 
md  I  drops  on  the  pallet  C,  which  is  now  nearly  perpendi- 
cular. 1  pnesstis  C  to  the  right,  and  accelerates  (he  motion 
of  the  p^dulum  along  the  arch  GP.  Notliing  can  be  ingr* 
envious  tlian  this  action  of  the  wheel  in  maintaining  tlie  vi- 
brations of  the  pendulum.  \Ve  can  easily  perceive,  alsO) 
that  when  the  pendulum  is  hanging  jterpcndicularly  in  the 
line  XU,  the  tooth  B,  by  pressing  on  the  {lallel  D,  will  force 
ibe  pendulum  a  little  way  to  the  led  of  the  perpendicular, 
and  will  force  it  so  much  the  farther  as  the  pendulum  is 
lighter ;  and,  if  it  be  sufficiently  light,  it  will  be  forced  so 
far  from  the  perpendicular  that  the  tootJi  B  Mill  escape,  and 
then  I  will  caU'h  on  C,  and  force  the  pendulum  hack  to  P| 
where  the  whole  opration  will  be  repeated.  The  sonic 
e&ct  will  be  produced  iu  a  more  remarkable  degree,  if  tlie 
rod  of  the  pendulum  be  continued  through  the  axis  XV, 
Afld  a  ball  Q  put  on  the  oilier  end  to  balance  P.  And,  in> 
d^ed,  tfaia  ia  the  contrivance  which  was  first  applied  to  dodut 
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all  over  Europe,  before  the  application  of  the  peoduluin. 
They  were  balance  clocks.  The  force  of  the  wheel  wa*  of 
a  certain  magnitu<)c,  and  therefore  able,  during  its  action 
on  a  pallet,  to  communicate  a  certain  quantity  of  motion 
and  velocity  to  the  balls  of  the  balance.  When  the  loytli 
B  escapes  from  the  pallet  D,  the  balls  are  then  moving  wiUi 
a  certain  velocity  and  momentum.  In  this  condition,  the 
balance  is  checked  by  the  tooth  I  catching  on  the  pallet  C. 
But  it  is  not  instantly  stopped.  It  continues  its  motion  a 
Jittle  to  the  left,  and  the  pallet  C  forces  the  tooth  1  a.  Lttle 
backward  But  it  camiot  force  it  so  far  as  to  escape  mn 
the  top  of  the  tooth  I  ;  because  all  the  momeDtum  of  liie 
balance  was  generated  by  tiic  force  of  the  tooth  B ;  and  the 
tooth  I  is  equally  powerful.  Besides,  when  I  catches  on  C, 
and  C  conliiiues  its  motion  to  the  left,  its  lower  point  a^ 
plies  to  the  face  of  the  tooth  I,  which  now  acts  on  the  ba- 
lance by  a  long  and  powerful  lever,  and  soon  stops  its  far- 
ther motion  in  that  direction,  and  now,  continuing  to  press 
on  C,  it  urges  the  balance  in  the  opposite  direction. 

Thus  we  see  that  in  a  scapcmentof  this  kind,  the  motirai 
of  the  wheel  must  be  very  hobbling  and  unequal,  making  a 
great  step  forward,  and  a  short  step  backward,  at  ertty 
beat.  This  has  occasioned  the  contrivance  to  get  the  name 
of  the  RECOILING  scAPEMENT,  thc  recoibng  pallets,  "fliis 
hobbling  motion  is  very  observable  in  the  wheel  of  an  alarm. 

Thus  have  we  obtained  two  principlesof  regulation-  The 
first  and  most  obvious,  as  well  as  the  most  perfect,  is  the 
natural  isochronous  vibration  of  a  pendulum.  The  only 
use  of  the  wheel-work  here,  besides  registering  the  vihra- 
tions,  is  to  give  a  gentle  impulsion  to  the  pendulum,  bj- 
means  of  the  pallet,  in  order  to  compensate  friction,  Gic.and 
thus  maintain  the  vibrations  in  their  primitive  magnitude. 
But  there  is  no  such  native  motion  in  a  balance,  to  which 
the  motion  of  the  wheels  must  accommodate  itself.  The 
whet-Is,  urged  by  adeterrained  pressure,  and  acting  throu^ 
a  determined  space  (the  face  of  the  pallet),  must  generate  a 
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detenained  vcbdtj  in  like  IwhiNt;  iDcl  tbcfvflira 
the  time  of  the  neciitklioii  is  also  detenuwd,  both  dunflC 
dwpragmBiTeutd'dierrmigndenotkiD  of  th«  wheel  The 
aeboos  being  simiUr,  siid  through  cqiul  tptioH,  in  every 
oadlUlioD,  ifaey  must  eiuplov  the  ssrae  time  Th«n>for« 
a  l»lan<%,  moved  in  this  muucr,  must  be  iMchrouousi  and 
a  iTguUtor  for  a  time>keeper. 

B;  thus  employing  a  balance,  the  borinintal  poiiiion  of 
the  axis  XY  is  unnecessarjr.  AKOrdinglj,  ihe  t^d  clodu 
bad  this  axis  perpcndicuUr,  by  which  means  the  whole 
traght  of  the  balance  rested  on  the  punt  of  the  [uvut  V  or 
X,  according  as  the  balance  PQ  was  placed  above  or  below. 
By  making  tbe  supporting  pivot  of  liorJ  steel,  ami  very 
sharp,  friction  was  greatly  diuiiuisht-J.  Nay,  it  wasentire- 
ly  removed  from  this  part  of  tlie  macliine  by  stispcuding 
dte  balance  by  a  thread  nt  the  end  X,  instead  of  allowiug  It 
to  rest  on  the  point  of  the  pivot  V. 

As  the  balance  regulator  of  the  motion  atlmiti  uf  every 
poution  of  the  machine,  tho!>e  clocks  were  made  in  an  infi- 
nite  variety  of  fanciful  forms,  eipeciutly  in  Germany,  a  coun- 
try famous  for  mechanical  contrivances.  They  were  ma^e 
of  all  sizes,  from  that  of  a  great  steeple  clock,  lu  thai  uf  an 
ornament  for  a  lady's  toilet.  The  substjlution  uf  u  kpriug 
■n  place  of  a  weight,  as  a  first  mover  of  the  wheel- work,  wo* 
a  most  ingenious  thought  It  was  very  gradual.  We  have 
seen,  in  the  Emperor's  museum  at  BrusscU,  an  old,  (perliap* 
the  first)  spring  clock,  the  spring  of  which  was  an  old  sword 
Uade,  from  the  point  of  which  a  catgut  was  wound  ruurtd 
ibe  barrel  of  the  first  wheel.  Some  ingenious  German  sub- 
stituted the  spiral  spring,  which  both  took  leM  room,  and 
produced  more  resolutions  of  the  first  wliceL 

When  clocks  had  been  reduced  to  such  hmaj)  sizes,  tha 
wish  to  make  them  portable  was  very  natural;  and  the  nieaxii 
of  accomplishing  tliis  were  obviou!>,  namely,  a  fartlwr  rodut^ 
a  of  their  aze.  This  was  accomphslwd  very  early  ;  and 
Junius  we  obtained  pocket  watclie^  moved  by  a  vpiral  spring, 
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atid  regulated  by  a  balance  with  tfie'recoiliDg  tK^apl^tlli 
which  is  still  m  use  for  common  watclies.  Tlie  h"t(b 
motimi  of  the  crown  wheel  is  very  easily  seen  in  all  of  tf 

It  is  very  uncertain  who  first  substituted  a  penduluin  b 
place  of  the  balance.  Hityghcns,  as  W  have  atreiuly  ob> 
served,  n^a8  the  first  Vho  investignted  the  iiiotions  oTpdi- 
dulums  with  success,  and  his  bouk  De  Horalogia  OnciUatano 
"Wky  be  cbnsidered  as  the  flements  of  refined  iMechaiucs,  ami 
(he  source  of  all  the  improvcaients  that  have  been  made  in 
the  coHstructitm  of  scapemcnts.  But  it  is  certain  that  Dr. 
Houke  had  employed  a  pendulum  for  the  regulation  of* 
clock  many  year^  before  the  publication  of  the  above-mfo- 
tioned  treatise,  and  he  claims  the  merit  of  ibc  invention  of 
the  only  proper  method  of  employing  it.  We  imagine  thm- 
fore  that  Dr.  Hooka's  invention  was  nothing  more  than  a 
scnpemcnt  for  a  pendulum  making  small  vibrations,  without 
making  use  of  the  opposite  motions  of  the  two  sideS  of  thr 
crown  wheel.  Dr.  Hooke  had  contrived  some  scapement 
more  proper  for  pendulums  than  the  recoihng  pallets,  b*. 
cause  certainly  those  might  lie  employed,  and  ore  aetuallj 
employed  as  a  scapement  for  pendulum  clocka  to  thi»  dsT, 
although  they  are  indeed  v-ery  ill  adapted  to  the  purpoac 
He  had  not  only  remarked  the  great  superiority  of  such  pen- 
dulum clocks  as  were  made  before  Huygliens's  publication 
of  the  cydoidal  pendulum,  over  the  balance  clocks,  but  liiiJ 
also  seen  their  defects,  arising  from  the  Tight  pendulumiand 
wide  arches  of  vibration,  and  invented  a  scapement  of  the 
nature  of  those  now  employed.  The  pendulum  clock  whidi 
he  made  in  163S  for  Dr.  Wilkins,  afterwards  Bishop  of 
Chester,  is  mentic/ned  by  the  inventor,  as  peculiarly  suited 
to  the  moderate  swing  of  a  pendulum ;  and  he  opposes  tins 
circumsunce  lo  a  genera!  practlte  ot*  wide  vibrations  and 
trifling  pendulums.  The  French  are  not  in  the  practice  of 
■  escribing  to  us  any  thing  that  they  can  claim  as  their  own; 
yet  Lepaute  says  tliat  the  Echajtpemetd  ^  TAncrt  came  from 
England  about  the  year  liid^.     It  is  also  admitted  by  him 
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t  clock-making  fioiuiBhed  in  Engloiicl  at  that  time,  and 
t  the  Frencli  artists  vent  lo  London  to  ioiprove  in  it. 
,  Putting  these  and  other  circumstances  together,  we  think 
it  highly  probable  that  we  are  indebted  to  Dr.  Huoke  for 
the  scapemeot  now  in  use.  The  principle  of  this  is  alto- 
gether different  from  the  simple  pallets  and  dii'ect  impulse 
alresdy  described ;  and  is  so  far  from  being  obvious,  that 
the  manner  of  action  h.-is  been  misunderstood,  even  by  men 
of  science,  and  writers  of  systems  of  mechanics. 

In  this  scapement  we  employ  those  teeth  of  the  wheel 
which  are  moving  in  oue  direction ;  whereas  in  the  former 
scapement,  opposite  teeth  were  employed  moving  in  contrary 
directions.  Yet  even  here  we  must  communicate  an  alter- 
nate motion  to  the  axis  of  tlie  pallets.  The  contrivance,  in 
general,  was  as  follows:  On  the  axis  A  (See  Plate  VIII. 
fig.  3)  of  the  pendulum  or  balance  is  fixed  a  piece  of  metal 
BAC,  called  the  chutcu  by  our  artists,  and  the  ANCKOK-by 
the  French.  It  terminates  in  two  faces  B  b  C  c  of  tempered 
Bteel,  or  of  some  bard  stone.  These  are  called  the  pallets, 
and  it  is  on  them  that  the  teeth  of  the  wheel  act.  The  faces 
B  &  C  c  are  set  in  such  positions  that  the  teeth  push  them  out 
of  the  way.  Thus  B  pushes  the  pallet  to  the  left,  and  C 
poshes  its  pallet  to  the  right.  Both  push  iheir  pallets  aide- 
wise  outward  from  the  centre  of  the  wheel.  The  pallet  B 
is  usually  called  the /ending-,  and  C  the  driving  pallet  by  tlie 
artists,  although  it  appears  to  us  that  these  names  should  be 
reversed,  because  B  drives  the  pallet  out  of  the  way,  and  C 
pttlh  or  leads  it  out  of  the  way-  They  might  be  called  the 
_firsl  and  second  pallet,  in  tlie  order  in  which  they  are  actetl 
on  by  tlie  wheel.  We  shall  use  either  denomination.  The 
figure  is  accommodated  to  the  inactive  or  resting  positionof 
the  pendulum.  Suppose  the  pendulum  drawn  aside  to  the 
right  at  <j,  and  then  let  go.  It  is  plain  that  the  tooth  B, 
pressing  ou  the  face  of  the  pallet,  «i  B  &  all  the  way  from  ^  to 
li,  thrusts  it  a^du  ouiwanls,  and  thus,  by  the  conneclion<of 
Ihci  crutch  with  the  pendulum  rod,  aids  the  pendulum's  mc^ 
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tion  along  the  arch  QPR.  When  the  pendulum  naAa 
R,  ihc  point  of  the  tooth  B  has  reached  the  angle  b  ofilK 
pallet,  and  I'scapes  fioni  it.  The  wheel  prrsMtig  forovd, 
another  toolh  C  drops  on  the  pallet  fact'  Ce,  and,  bj  pw. 
sing  this  pallet  outward,  evidently  aids  the  pendulum  in  ill 
motion  from  R  to  P.  The  toolh  C  escapes  from  this  piilrt 
at  the  angle  c,  and  now  a  tooth  B'  (ImiJS  on  lltp  first  pollcL 
and  aguin  aids  the  pendulum  ;  and  diia  operation  is  repeat- 
ed continually. 

The  raechanism  of  this  coin  muni  cation  of  motion  isthui 
explained  hy  several  writers  of  elements.  The  tooth  B 
(Plate  VIIl.  fig.  z.)  is  urged  forward  in  the  direction  BD, 
perpemllcular  to  the  radius  MB  of  the  swinr  wHKKt.  It 
therefore  presses  on  the  pallet,  which  is  moveable  only  inlht 
direction  ItE,  perpendicular  to  BA  the  radius  of  the  polk 
Therefore  the  force  BD  must  he  resolved  into  two,  ch.  BE, 
in  the  direction  in  which  alone  the  pallet  can  move,  and  ED, 
or  BF,  prpendicular  to  that  direction.  The  last  ofthcw 
only  presses  the  pallet  and  crutch  against  the  pivot  hole  A. 
BE  is  the  only  usei'ul  (brce,  or  the  force  comnaunicated  to 
the  pallet,  enabling  it  to  mainlain  the  pendulum's  HMV 
tion,  hy  resioring  the  momentum  lost  by  friction  and  other 
causes. 

But  this  is  a  very  erroneous  account  of  the  modus  opcna- 
di,  as  may  be  seen  at  once,  by  supposing  the  radius  of  the 
pallets  lo  be  a  tangent  to  the  wheel.  This  is  a  positioa 
must  frequently  given  to  them,  and  is  the  very  position  in 
Plote  VUI.  fig.  3.  In  this  case  MB  is  perpeodicular  to 
BA,  and  therefore  BD  will  coincide  with  BA,  and  there 
will  be  no  such  force  as  BE  to  move  the  pendulum.  It  is 
a  truth,  dcducible  from  what  we  know  of  the  mechantail 
constitution  of  solid  bodies,  and  confirmed  by  numberlesi 
observations,  that  when  two  solid  bodies  press  mi  each  other, 
either  in  impulsion  or  in  dead  pressure,  the  direction  in  which 
the  mutual  pressure  is  exerted  is  always  perpendicular  to 
the  touohiog  surfaces,  whatever  lias  been  the  direction  of  the 


c  tM  i^  ^  AB„  MI.  6m  d»  e 

w^  |iiipi««i  ihi  »  m.  Ill  nwirt. 
fmOmdngti  Bh  «risd  Rl,  tMckiif  ^««BMa 

k  wght  V  be  ha^  »t  v.  the  atirmin  of  Um  Ik>. 
«bn  If  ■  of  the  «lMtl,  it  viU  act  OB  the  kwr  » 
Mg  bs  paiat  I  ufmn4»  ■■  ifa*  diwctiua  IH  pcr> 
tIdMI;  the  iqifcr  cwI  qf  thB  rod  IH  vill,  k 
Mtet.  press  the  vxtrautr  H  of  the  rod  HA,  wid  tluA 
!  the  prndulun  firoin  P  tovant  R.  Ta  widminj 
e  pendulum  rod  AP  may  be  withbtM  by  «  **i^  i^ 
;  by  a  thmd  oa  the  extremity  cf  the  hociMntal  lever 
t,  equat  to  M  r,  kdA  connected  with  the  cratch  and  pen* 
;  weights  V  and  :  nuy  be  ao  pmpnrtioacd  to 
each  other  that,  bv  acting  peqiendiciiJarv  on  the  craukcd 
levers  K  MI,  and  :  AH,  the  pressures  at  H  and  I  shall  bu 
equaU  and  jusi  balance  each  other  by  the  inierrvnlioii  iifthc 
rod  HI.  When  this  is  the  case,  we  have  put  thu\g»  into 
the  same  mechanical  stale,  in  rcs^iect  of  mutual  action,  as  U 
effected  by  the  crutch,  pallets,  and  wheel,  which,  in  like 
manner,  produce  equal  pressures  at  B  the  point  of  contaci, 
in  the  direction  BH  and  BI.  The  weij^hl  V  iimy  be  nucb 
•s  produces  the  very  same  efTect  at  B  that  i*  produced  by 
the  previous  train  of  wheel-work.  The  weight  i  tliereforo 
must  be  just  equal  to  the  force  produced  by  the  wheel-work 
on  the  point  e  of  the  pendulum  nxl,  ttecause  by  acting  iu 
the  opposite  direction  it  just  balances  it.     Lei  us  see  tlirri'- 


I 
I 


L 


AM  WATCH-WORK. 

fwe  what  force  is  communicated  to'  the  pendoloni  hy  At 

wheels. 

Let  X  be  the  upward  pressure  excited  at  I,  and  y  tk 
equal  opposite  pressure  eiccited  at  H-  Then,  bjr  the  fn- 
pert)-  ol"  the  lever,  ue  have  MI  :  M  »  =  V  :  jr,  and  i  X  Jfl 
=  V  X  M  t!.  In  like  maDner  j,  x  AH  =  Z  X  A  *.  Tlww. 
fore,  because  x  ~;yv  atd  A  r  =  M  e,  we  have  V  :  Z  =  MI : 
AH.  Tliat  is,  the  force  exerted  hy  the  tooth  of  the  wba) 
in  the  direction  of  iis  motion  is  to  the  force  impresaedflt 
the  pendulum  rod  at  a  distance  equal  to  the  radiiu3«f  tbt 
wheel  as  MI  to  AH.  The  force  impressed  on  the  baHrf 
the  pendulum  is  leas  than  this  in  the  proportion  of  APto 
As,  or  Mr. 

Cor.  1.  If  the  perpendiculars  MN,  AO,  be  drawn  oa 
the  tangent  plane,  the  forces  at  B  and  z  will  be  as  BN  (a 
BO.  For  these  lines  are  resjicctivcly  equal  to  MI  tai 
AH. 

Cor,  2.  If  HI  meet  the  line  of  the  centres  AC  in  S,  tht 
forces  will  be  as  SM  to  SA  ;  that  is,  V  :  Z  =  SM  :  BA 

Cor.  3  If  the  face  ^  B  6  of  iho  pellet  be  the  en>Iutfix(if 
■  I  circle  described  with  the  radius  AH,  and  the  face  of  &e 
tooth  he  the  evolutrix  of  a  circle  described  with  the  ndm 
MI,  the  force  impressed  on  the  penduluoi  by  the  wb&ii 
nitl  he  constant  during  tJie  whole  vibration.  But  that 
are  not  the  only  forms  which  produce  this  ooastaa^. 
The  forms  of  teeth  described  by  ditferent  autliors,  audi 
as  De  la  Hire,  Camus,  &c,  for  producing  a  constant  ftne 
in  trains  of  wheel-work,  will  have  the  same  «flect  bm. 
It  is  oIbo  easy  to  see  that  the  force  impressed  on  the  pewliK 
lum  may  be  varied  according  to  any  law,  by  making  iheie 
faces  of  a  proper  form.  Therefore  the  face,  from  B  mt- 
wards,  may  be  so  formed  that  the  force  communiorted  to 
the  pendulum  by  the  wheels,  during  its  descent  from  iQ  (o 
P,  may  be  in  one  constant  proportion  to  the  acceleratJMivf 
gravity,  and  then  tiie  sum  of  the  forces  will  be  sudi  as^pro* 
duces  isochronotis  vibrations.     If  the  innerpart  B  b  of  tbc 
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be  fbmted  on  the  same  principle,  the  difTerence  of  the 
t**)!!  have  the  same  Ikw  of  variation,  ir  the  face  fi  h 
M.  evolutrix  or  a  circle,  and  (he  tc»th  B  terminate  in  a 
Igently  rounded,  or  quite  angular,  the  force  on  the 
ifltini'will  continually  incrcaw  as  the  tooth  slides  from 
L  For  the  line  AH  continues  of  the  same  magnitude. 
Hi  diminishes.  The  contrary  will  happen,  if  the  pal- 
^*  point,  either  sharp  or  rounded,  and  if  the  face  of 
gM.h  be  the  evolutrix  now  mentioned  ;  for  MI  will  re- 
'  tiie  same,  while  AH  diminishes.  If  the  tooth  be 
|k),  and  ji  bheo,  slmight  line,  the  force  communicated 
|||>endulum  will  diminish,  while  the  tooth  shdes  from 
y.  ■  For  in  this  ctse  AH  diminishes  and  MI  increases. 
fc".  4.  In  getieral,  the  force  on  the  pendulum  is  greater 
RlUDgleMB  5  increases,  and  as  AB&  diminishes. 
W.'&.  The  angular  velocity  of  the  wheel  is  to  that  of 
KA'dulum,  ill  any  pnrt  of  its  vibration,  as  AH  to  MI. 
K*  etident,  because  the  rod  IH  moving  (in  the  moment 
{^*c6h!Adcra(ion)  in  its  own  direction,  the  points  H  and 
^  direugh  equal  spaces,  and  therefore  the  angles  at 
ilM,  must  be  inversely  as  the  radii. 
IFthat  has  now  been  said  of  the  first  pallet  AB  maybe 
ted  to  the  second  pallet  AC. 

'fte  perpendicular  C  s  be  drawn  to  the  touching  plane 
$i  cutting  AM  in  *,  we  shall  have  V  :  :  =  »  M  :  s  A,  as 
far.  2.  And  if  the  perpendiculars  Mi,  A  A,  be  drawn 
k<i  we  have  V  ;  Z  =  M  i :  A  A,  as  in  the  general  iheo^ 
I  The  only  differeocu  between  the  action  on  the  two 
te  is,  that  if  the  faces  of  both  are  plain,  the  force  on  rhe 
lulum  increases  during  the  whole  of  the  action  on  the 
It  C,  whereas  it  dimini^es  during  the  progress  of  the 
Ir  along  the  other  pallet. 

%e  reader  will  doubtless  remark  that  each  tooth  of  the 
il  acts  on  both  pallets  in  succession ;  and  that,  during 
Ition  on  either  of  them,  the  pendulum  makes  <Hie  vilw». 
i     Therefore  the  number  of  vibrations  during  one  turn 
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t)flbe  wheel  isJouble  the  nuniberof  the  teetb  :  consequent- 
ly, white  the  tooth  slides  along  one  of  the  pallets,  itadvancd 
half  the  space  between  two  euece^uve  teeth  i  aitti  when  it 
escapes  from  the  pallet,  the  other  tooth  may  be  juat  in  ctA- 
tact  with  the  oilier  pallet.  We  say  it  tH-jy  be  so  ;  in  wbidl 
case  there  will  be  no  dropping  of  the  teeth  from  pallet  to 
pallet.  This,  however,  requires  very  nice  workmanibip, 
and  that  every  tooth  be  at  precisely  the  samt  distance  frun 
its  neighbour.  Should  the  tooth  which  is  jui>t  going  to  a[^ 
ply  to  a  pallet  chance  to  be  a  little  too  far  advanced  on  llie 
wheel,  it  would  touch  tlie  pallet  before  the  other  had  tsajf- 
«d.  Thus,  suppose  thni  before  B  escapes  from  the  pcnnlf 
of  the  pallet,  the  tooth  C  is  in  contact  with  the  pallet  C  c, 
B  cannot  escape.  Therefore  when  the  pendulum  rctunu 
from  R  towards  Q,  the  pallet  fi  i,  returning  along  till  it, 
will  push  back  the  tooth  B  of  the  wheel.  It  does  ihia  in 
opposition  to  the  force  of  the  wlicel.  Therefore,  whatc«r 
notion  the  wheel  had  communicated  to  the  peoduluni, 
during  its  swing  from  P  to  Q,  will  now  be  ukcn  front  it 
again.  The  pendulum  will  not  reach  Q,  becaut>e  it  W 
been  aided  in  its  motion  from  Q,  and  had  proceeded  futdier 
than  it  would  have  done  without  this  help.  Its  motion  tiv 
ward  Q  is  further  diminished  by  the  friction  of  the  palleL 
Therefore  it  wUI  now  return  again  from  some  nearer  point  {fi 
and  will  not  go  so  far  as  in  the  last  vibration,  but  will  i^ 
turn  through  a  still  shorter  arch :  And  this  will  be  still  tson 
contracted  in  the  next  vibration,  kc  he.  Thus  it  appan 
that  if  a  toulli  chances  to  touch  the  pallet  before  the  escape 
of  the  other,  the  wheel  will  advance  no  farther,  and  toooaAer 
the  pendulum  will  be  brought  to  rest. 

For  such  reawns  it  is  necessary  to  allow  one  tooth  to  t^ 

ca\ic  a  titlli-  before  the  oilier  reaches  the  pallet  on  « 

to  act,  and  to  allow  a  small  drop  of  the  tciih  from  p 
pallet.  But  it  isaccouuted  bad  workmanship  to  let  x\ 
be  considerable,  and  cttute  Kapanenl  is  accountrtl  a  n 
care  and  of  good  workmanship.     It  is  evideotJjr  «>i  ■ 
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t»ge,  because  it  gives  a  longer  lime  of  action  on  each  pallet 
This  freeing  the  scttpement  cannot  be  accomplished  by  filing 
aomething  from  the  face  of  the  tooth  ;  becauBe  this  being 
done  to  all,  the  distance  l)etwecn  them  is  diminished  rather 
than  augment ed.  The  pallets  must  be  first  scaped  as  close 
as  possible.  This  obliges  the  workman  to  be  careful  in 
making  ihc  teeth  equidistant.  Then  a  small  matter  is  taken 
fVom  the  point  of  each  pallet,  by  filing  off"  the  back  ir  of  the 
pallet.  The  tooth  wLU  now  escape  before  it  has  moved 
through  hnlfaspaee. 

From  all  that  has  been  said  on  ibis  particular,  it  appears 
that  the  interval  between  the  pallets  must  comprehend  a  cer- 
tain number  of  teeth,  and  half  a  space  more. 

The  first  circumstance  to  he  considered  in  contriving  a 
■capemenl  is  the  angular  motion  that  is  intended  to  be  given 
to  the  pendulum  during  the  action  of  the  wheel.  This  ia 
osually  called  the  angle  of  scapemtnt,  or  the  angle  of  action. 
Having  fixed  on  an  angle  a  that  we  think  pro]>er,  we  must 
secure  it  by  the  [UMilion  and  form  of  the  face  of  the  pallets. 
Knowing  the  number  of  teeth  in  the  swing-wheel,  divide 
180*  by  this  number,  and  the  quotient  is  the  angle  6  of  the 
Trheel's  motion  during  one  vibration  of  the  pendulum.  In 
the  line  AM,  joining  the  centres  of  the  crutch  and  wheel, 
nake  SM  to  SA,  and  s  M  to  s  A,  as  the  anglea  to  the  angle 
4;  and  ihen,  having  determined  how  many  teeth  shall  be 
comprehended  between  the  pallets,  call  this  number  n.  Mul- 
tiply the  angle  bhy2n  +  l,  and  lake  the  half  of  the  product 
Set  off"  this  half  in  the  circumference  of  the  wheel  (at  the 
points  of  the  teeth)  on  each  sideof  the  line  joining  the  centres 
of  the  crutch  and  wheel,  as  at  TB  and  TC.  Throu^  S 
«nd  t  draw  SB  and  s  C,  and  through  B  draw  ^86  perpen- 
dicular to  SB,  for  the  medium  position  of  the  face  of  the  firrt 
pallet;  that  is,  for  its  position  when  the  pendulum  hangs 
perpendicular.  In  like  manner,  drawing  o  C  n  perpendicu- 
lar to  »  C,  we  Iiave  the  medium  position  of  the  second  pallet 
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The  demonstration  of  thi 
wliat  lias  been  said. 

We  have  hitherto  supposed  that  the  pendt 
vibration  at  the  instant  that  a  tooth  o£  the  wb«et 
frooi  a  pallet,  and  another  t 
Bat  this  is  never,  or  shouU 
lutn  is  made  to  swing  somewHat  bevood  the  angle  of  Miffr 
meiit :  for  if  it  do  not  xhcn  the  clock  is  dean  and  ii  ffti 
order,  but  sU>p  ptKisely  at  the  drop  of  a.  toothi  then,  vfa^ 
it  grows  toul,  and  the  t  ibration  ditninishes,  the  tcvth  will  M 
escape  at  ail,  and  the  dock  will  immediately  stop^  thm^ 
fore  the  force  cooiinunicfitedbjr  thevberUdorii^ibcnhfr 
tioD  within  the  limiiA  of  scapement,  must  be  mcreated  ■»■ 
to  make  the  pendulum  UtrMo  (as  the  artists  terni  it)  tols 
out ;  and  a  clock  is  more  rajued  when  it  thn>«&out<sntf» 
ablf  beyond  the  angle  of  scapemenL  There  aie  ffxd  rt» 
«ons  for  this.  The  mocnentum  of  the  peodulumi  and  iB 
power  to  regulate  the  dock  (whidi  Mr-  HarrisoR  agnificHtr 
ly  called  its  damnum,)  it  proportioiud  to  the  width  of  Ik 
Tibrationa  very  nearly- 

Thb  circumstance  of  exceeding  the  angle  o£  iii  ■[■  mat 
hB»  a  very  great  influence  on  the  performaDce  of  the  dmk, 
or  greatly  aifects  the  dominion  of  the  peDdulum.  It  if  caqF 
to  see  that,  when  the  face  flh  of  the  leading  psllel  is  a  pimt, 
ii'ibe  pendulum  continue  its  motion  to  the  right,  ffutn  Pla- 
ward  Q,  after  the  tooth  B  baa  dropped  on  it,  the  pallet  «iil 
push  tlte  wheel  back  again,  while  the  tcMlh  slides  tnitwaid 
OD  the  pallet  toward  ,9.  Such  pallets  therefore  will  maiea 
mviling  te^irmeni,  resemUing,  in  this  circumstance,  thedd 
pallet  employed  with  the  crown  wheel,  and  will  hare  the 
properties  attached  to  this  circumstance.  One  cooseqwiHe 
nf  thid  is,  thai  it  is  much  aSected  by  any  inequalities  oftlK 
maiataining  power.  It  is  a  ntattef  of  the  mo»t  familiar  cIk 
S£^^-atiot^  that  a  common  watch  goes  slower  when  wiliw 
a  quarter  of  an  hour  of  being  down,  when  the  aotioB  of  the 
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iMg  it  very  weak,  in  consequence  of  it£  not  pulling  hj 

of  the   fusee.      We  observe  the  same  thing  ia 

^  beating  of  au  alarum   cluck.     Also  if  we  at  aay  litae 

■'  forward  the  wheel-work  of  a  coDJinon  watoh  with 

key,  we  observe  its  beats  accelerate  immedialely.     The 

no  of  this  is  pretty  plain.      The  balanoe,  in  conse- 

Bce  of  the  acceleration  in  the  angle  of  scapemcnt,  would 

»'giKie  much  farther,  employing  a  consid«-able  time  in 

bKcureion.   Tliis  is  checked  abruptly,  which  both  short- 

the  vibration  and  the  time  employed  in  iL     In  the  re- 

Lof  the  pendulum,  the  motion  is  accelerated  the  whole 

^  along  an  arch  which  U  shorter  tlian  what  corrcspondft 

Ifr  velocity  in  the  middle  point ;  for  it  is  again  checked 

lAe  other  side,  and  does  not  make  its  full  excursion. 

toreover,  all  this  irregularity  of  force,  or  the  great  devio- 

t>a  from  a  resistance  to  the  excursion  proportional  to  the 

stance  from  the  middle  point,  is  exerted  on  the  pcndu- 

to  when  it  is  near  the  end  of  the  excursion,  where  lite  ve- 

■1^  bdng  small,  this  irregular  force  acts  lung  upon  it,  at 

p  nry  time  that  it  has  little  force  wherewith  to  resit>t  it. 

J]  temporary  inequalities  of  force,  therefore,  will  be  more 

It  in  this  situation  of  the  balance  than  if  they  had  been 

t»rted  in  the  middle  of  its  motion.     And  although  the  re- 

idng  power  of  a  pendulum  greatly  exceeds  that  of  the 

balances  used  in  pocket  watches,  something  of  the  same 

may  be  expected  even  in  pendulum  clocks.      Accord- 

^  this  appears  by  a  series  of  experiments  made  by  Mr- 

houd,  a  celebrated  watch-maker  of  Paris.  A  clock,  with 

If  second  pendulum  wnghing  five  drams,  was  furnished 

a  recoiling  scapement,  whose  pallets  were  planes.   The 

I  of  scapement  was  5i  degrees.    When  actuated  with  a 

ht  of  two  pounds,  it  swung  8",  and  lost  15"  per  hour ; 

four  pounds,  it  swung  10°,  and  lost  6'.     Thus  it  ap- 

I  that  by  doubling  the  maintaining  power,  although  the 

Ition  was  increased  in  consequence  of  the  greater  im- 

i,  the  time  was  lessened  9"  per  hour,  viz.  about  j'^. 
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It  is  plain,  from  what  was  Mid  wbea  we  dewribed  ibe  fo 
scapement,  thai  an  increase  of  inaintainin;;  power  mast  readv 
the  vibration  more  rre<|uent.  We^aw,  on  ibwt  oocaaoa,  ila(( 
even  when  the  graviiy  of  tiie  pendulum  is  baluKm)  bf  a 
weight  on  the  other  end  of  the  rod,  the  force  of  the  trbodi 
will  produce  a  vibratory  motioD,  and  thai  an  auf^RUaOni 
of  this  force  will  increase  it,  or  make  the  vibratioiM  man 
rapid.  The  precise  effect  of  any  particular  form  tit  ttUh 
can  be  learned  only  by  computing  the  fortr«  on  the  pends- 
lum  in  every  jmsition,  and  then  constructing  the  mr^-e  In 
C  of  Plate  VIII  fig.  I .  The  rapid  increase  of  the  ofdtnuo 
beyond  those  of  the  triangle  AIK,  forms  a  cuimdcf^ile 
area  DA  r  o,  to  compensate  the  area  x  o  C,  and  tliusnukn 
a  considerable  contraction  A  «  of  the  vibration,  and  a  wki 

A* 
»ble  contraction  ~5~  of  the  time. 


inj^^l 
ifieSo 


Mr.  George  Grahame,  the  celebrated  watchmaker  in 
don,  was  also  a  good  mathctnatician,  and  well 
consider  this  subject  scientifically-  He  contrived  a  xap^ 
nient,  which  he  hoped  would  leave  the  pendulum  almost  in 
its  natural  state.  The  acting  face  of  the  pallet  c  b  c  (Pble 
VIII.  fig.  4.)  is  a  plane.  The  tooth  drops  on  a.  andrscapn 
from  c,  and  is  on  the  middle  point  b  when  tl<e  pendulum  ii 
perpendicular.  Beyond  a,  the  face  of  the  pallet  is  an  irdi 
n  d,  whose  centre  is  A,  the  centre  of  the  crutch.  The  main- 
toining  power  is  made  so  great  as  to  produce  a  much  grtatci 
vibration  than  the  angle  of  active  scapement  a  A  c.  Tba 
consequence  of  this  is  that,  when  the  tooth  drt^  on  Um 
nngk'  a,  ihe  pendulum,  continuing  its  motion,  carric*  the 
criilcli  along  with  il,  and  the  tooth  presses  on  (he  arch  a  A 
in  a  direction  pai^sing  through  ihe  centre  of  the  cnitcb. 
This  pressure  can  noitiier  accelerate  nor  relard  the  motion 
of  the  crutch  and  pendulum.  As  the  pendulum  was  acfe- 
leratcd  after  it  passed  the  perpendicular,  by  the  other  pallet, 
it  will  (it  quite  unobslrucied)  throw  out  farther  than  wbal 
corresponds  to  the  velocity  which  it  bad  in  the  middle  poiiu 
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f  its  vibralion ;  perhaps  till  the  tooth  passes  from  a  to  e  on 
B  circular  arch  of  ihe  p.illet.  But  although  it  sustains  no 
oitrary  action  from  the  wheels  during  this  excursion  bc- 
tnd  die  angle  of  scapement,  it  will  not  proceed  so  far,  but 
ill  stop  when  the  tooth  reaches  il ;  because  there  must  be 
me  resistance  arising  from  the  friction  of  the  tootli  along 
e  arch  a  d,  and  from  tbe  clamminess  of  the  nil  employed 
\  lubricate  it:  but  this  resistance  is  exceedingly  minute, 
t  amounting  to  itb  of  the  pressure  on  the  arch.  Nay, 
B  think  that  it  appears  from  the  experiments  of  Mr.  Cou- 
mb  that,  in  the  case  of  such  minute  pressures  on  a  surface 
with  oil,  there  is  no  sensible  retardation  analogous 
I  that  produced  by  friction,  and  that  what  retardation  we 
rve  arises  entirely  from  the  clamminess  of  the  oil  We  are 
Itunperfectly  acquainted  with  the  manner  in  which  friction 
d  viscidity  obstruct  the  motions  of  bodies,  that  we  cannnot 
Ktounce  decisively  what  will  be  ihdr  effect  in  the  present 
Friction  docs  not  increase  much,  if  at  all,  by  an  in- 
e  of  velocity,  and  appears  like  a  fixed  (quantity  when 
e  pressure  is  given.  This  makes  all  motions  which  are 
ilcted  by  friaiou  terminate  abruptly.  This  will  short- 
iboth  the  length  and  the  time  of  the  outward  excursion 
■the  pendulum.  The  viscidity  of  tlie  oil  resists  different- 
ly and  more  neaily  in  the  proportion  of  the  velocities.  The 
ninution  of  motion  will  not  be  in  this  proportion,  because 
||the  greater  velocities  it  acts  for  a  shorter  time.  Were 
{•accurately  the  case,  the  resbtance  of  viscidity  would  also 
■  nearly  constant,  and  it  would  operate  as  fiictioa  does, 
■t  it  does  not  stop  a  motion  abruptly,  and  the  motions  are 
inguislied  gradually.  Therefore,  a lihough  viscidity  must 
Mys  diminisli  the  extent  of  the  excursion,  it  may  so  vai^ 
■not  to  diminish  the  time-  We  apprehend,  however,  that 
it  generally  does.  But  whatever  happens  in  the  excuruon, 
the  return  will  certainly  be  slower,  and  employ  more  time 
D  if  it  bad  nut  been  obstructed,  because  ilie  velocity  in 
try  point  is  less  tlian  if  perfectly  I'ree.  The  wliule  aicii. 
liroL  IV,  2  N 
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consisting  of  a  returning  arch  and  an  excursion  oo  UwoiIh 
eide,  may  be  either  slower  or  quicker,  scoording  w  tha  tarn- 
pensutiun  is  complete  or  not,  or  is  even  overdoo*. 

All  these  reflections  occurred  to  IVIr.  Grabam  t  aad  W 
was  persuaded  that  ihe  time  of  the  tooth's  reiminingqiAi 
arch  u  <{,  both  ascending  and  descending,  would  dilet  «tfj 
little  from  tliat  of  the  description  of  the  same  arch  bjate 
pendulum.  The  great  causes  of  irregularis  sficmcd  tab 
removed,  viz.  the  inequalities  in  the  action  of  the  whetbii 
the  vicinitjr  of  the  extremity  of  the  vibratMHi,  where  Ihe  pB- 
dulum  having  hitle  momentum  is,  long  in  the  sane  faA 
itpace,  expoBe<i  to  their  action.  The  deraogeinetU 
by  any  force  depends  on  the  (itae  of  iu  action,  and 
lanat  be  greatest  wlien  the  motion  is  slowest.  The 
lum  gcia  lis  impiilee  in  the  very  middle  of 
where  its  velocity  is  the  greatest ;  and  therefore  tfaeiMq» 
lilies  of  the  maintaining  power  act  on  it  only  S&r  a  ^dttllBi^ 
and  malice  a  very  trifling  aUeratina  in  the  time  of  iu  iemA 
ing  the  arch  of  scspemenl.  Beyond  this,  it  i*  nmidj  ia  At 
state  of  a  free  pendulum  ;  nay,  even  tboagh  it  bt  aftcMd 
by  an  inequality  of  the  roaiBtaining  puwer,  and  it  b  M» 
leraled  beyond  its  usual  rate  in  that  arch,  the  diirf  ifctrf 
this  will  be  to  cause  it  to  describe  a  larger  arch  of  fiimi'iiff 
The  shortening  of  the  time  of  thi&  dcacriptiaa  by  tW  fiidin 
w'dl  be  the  same  as  bclbre,  happening  at  tbeveiT  cndofthi 
excursion ;  but  the  return  will  be  mote  rcCardad  bjtbtim- 
tion  on  a  longer  arch.  And,  by  this,  a 
be  made  lor  the  irifiiog  contraction  of  the  tiae  of  i 
the  arch  of  scapement. 

This  drcuautaoce  of  ^n^  Ibe  ioipube  ia  thm  miUkd 
the  Tifaration,  where  ka  time  c(  adioa  ia  iIm  saaOMl  p» 
ble,aiid  whereby  the  pendulam  iaao  hmg  iAhtmh^da 
actioa  fd  the  wbeeh,  b  of  the  vetr  fint  h 
H^^Mnla,  and  ihoulderer  he  in  tfaeiKBdaf  the 
OMk  When  this  it  adbend  to,  the  fima  of  the  face  ahth 
Mmeriy  af  aajr  ■omww     Modi  ha  bee«  wntten  on  Hi 
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^Hnn,  and  many  attempti  have  been  m&dc  to  make  it  such 
^^■Bt  the  action  of  the  wheel  shnll  be  proportional  to  th?  ac> 
^^kl  of  gravity.     To  do  this  is  abmlutely  imposxible.      Mr. 
^^■shsm  made  them  plaiu's,  not  tm\y  because  of  easiest  exe* 
^^■tion,  but  because  a  plane  r^.illy  conspires  pretty  well  with 
^^B»  change  of  gravity.      While  the  pendulum  moves  from 
^B<to  P  (Plate  Vni.  fig.  3.),  the  force  of  gravity,  acting  in 
^^k  direction  QP,  is  continuatlj  diminishing.     So  is  the  ac- 
^Telerating  power  of  the  pallet  from  a  to  b.     When  the  pen- 
dulum rises  from  F  to  R,  a  force  in  the  opposite  direciiim 
RP  continually  increases.     This  is  analt^us  to  the  conti- 
nual diminution  of  a  force  in  the  direction  PR.     Now  we 
have  such  a  diminution  of  Guch  a  force,  in  the  aciionof  the 
pallet  from  b  to  c,  and  such  an  augmentation  in  the  action 
of  the  other  pallet. 

For  oU  these  reasons,  this  construction  of  a  scapement  ap- 
peared very  promising.  Mr.  Oraham  put  it  in  practice,  and 
it  answered  his  most  sanguine  expectation,  and  is  now  uni- 
versally adopted  in  all  nice  clocks.  Mr.  Graliam,  however, 
did  not  think  it  jirudent  to  cause  a  tooth  to  drop  on  the  very 
angle  a  of  the  pallet.  He  made  it  drop  on  a  p<Mnt/of  the 
arch  of  excursion.  This  has  also  the  advantage  of  dimi- 
nishing the  angle  of  action,  which  we  have  proved  to  be  of 
itervicc.  It  requires,  indeed,  a  greater  maint^ning  power ; 
but  this  can  easily  be  procured,  and  is  less  affected  by  the 
changes  to  which  it  is  liable  by  the  effect  of  lieat  and  cold 
on  the  <hI.  Our  observations  on  the  effects  of  friction  and 
visudity  in  the  arch  a  d  seem  lo  be  ainfirmed  by  the  obser- 
vations of  several  artists,  who  agree  in  saying  that  a  great 
increase  of  maintaining  power  increases  the  vibrations,  but 
makes  tlicm  perceptibly  slower.  When  they  wrote,  much 
oil  waa  applied  to  diminish  the  friction  on  the  arch  of  re- 
pose; but,  since  that  time,  the  rubbing  parts  were  made 
such  as  required  no  oil,  and  this  reiardntioti  disappeared. 
In  tile  clock  of  the  transit  room  of  the  Royal  Observatory, 
(he  angle  of  action  seldom  exceeds  one-third  of  the  swing  of 
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the  pendulum.  The  pallets  are  of  oriental  ruby,  and  die 
wheel  is  of  steel  tempered  to  the  utmost  degree  of  hardneafc 
This  clock  never  varies  a  whole  second  from  equable  mo> 
tion  in  the  course  of  five  days. 

This  contrivance  is  known  by  the  name  of  the  dkad  bsat, 
the  BEAD  scAPEMENT ;  bccause  the  seconds  index  stands 
still  after  each  drop,  whereas  the  index  of  a  clock  with  aie» 
coiling  scapement  is  always  in  motion,  hobbling  backward 
and  forward. 

These  scapements,  both  recoiling  and  dead  beat,  have 
been  made  in  a  thousand  forms ;  but  any  person  tolerably 
acquainted  with  mechanics,  will  see  that  tbey  are  all  oo  the 
same  principles,  and  differ  only  in  shape  or  some  equally 
unimportant  circumstance.  Perhaps  the  most  convenient 
of  any  is  that  represented  in  (Plate  VIII.  fig.  S.)  where  the 
shaded  part  is  the  crutch,  made  of  brass  or  iron,  and  A  and 
B  are  two  pieces  of  agate,  flint,  or  other  hard  stone,  cut  in- 
to tlie  proper  shape  for  a  pallet  of  either  kind,  and  firmly 
fixed  in  proper  sockets.  They  project  half  an  inch,  or  tberfr* 
abouts,  in  front  of  the  crutch,  so  that  the  swing  wheel  is 
also  before  the  crutch,  distant  about  ^"^th  of  an  inch  or  so. 
Pallets  of  ruby,  driven  by  a  hard  steel  swing  wheel,  need  no 
oil,  but  merely  to  be  once  rubbed  clean  with  an  oily  cloth. 

Sometimes  the  wheel  has  pins  instead  of  teeth.  They  arc 
ranged  round  the  rim  of  the  wheel,  perpendicular  to  its  plane, 
and  both  pallets  are  on  one  side  of  the  }vheel,  standing  per- 
pendicular to  its  plane.  One  of  these  pins  drops  from  the 
first  to  the  second  pallet  at  once.  The  pallets  are  placed  on 
two  arms,  as  in  Plate  VIII.  fig.  6.  in  which  case  the  pins  are 
alternately  on  different  sides  of  the  wheel ;  or  on  one,  as  in 
Plate  VIII.  fig.  7.  By  the  motion  of  the  pendulum  to  the 
right,  the  pin  (in  Plate  VIII.  fig.  7.),  after  resting  on  the 
concave  arch  d  a,  acts  on  the  face  a  c,  and  drops  from  e  on 
the  other  concave  arch  tg*,  which  continues  to  move  a  little 
way  to  the  right.      It  then  returns,  and  the  pin  slides  and 
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^Htls  on  the  pallet  ih,  and  escapes  at  A ;  and  the  next  p'm  is 
^Men  on  the  arch  of  repose  d  a. 

^Blt  being  evident  that  the  recoihng  scapement  accelerates 
^Bb  vibrations  beyond  the  rate  of  a  free  pendulum,  and  it 
^Htosppcating  tomany  ofthe  first  artists  that  the  dead  scape- 
^Hent  retards  them,  they  have  attempted  to  form  a  scape- 
^Hent  which  shall  avoid  both  of  these  defects,  by  forming  the 
^Hpches  ad,  ig,  so  as  to  produce  a  very  &mall  recoil.  Mr. 
^Berthoud  does  this  in  a  very  simple  manner,  by  placing  the 
^Hjntre  of  a  (f  at  a  small  distance  from  that  of  the  crutch,  so 
^H|  to  make  the  rise  of  the  pallet  above  the  concentric  arch 
^^■nut  one-third  of  the  arch  itself.  Applying  such  a  crutch 
^H^the  light  pendulum  mentioned  in  a  former  paragraph,  he 
^Hbnd  that  doubling,  and  even  trebling  the  mainUtining  power, 
^Btx^uced  no  change  in  the  time  of  vibraliun,  though  it  in- 
^Bdfled  the  width  from  8"  to  13*  and  H*.  We  have  no 
^Hhibt  of  the  efficacy  of  this  contrivance,  and  think  it  very 
HBnper  for  all  clocks  which  require  much  oil,  such  as  turret 
Hncks,  he.  But  we  apprehend  that  no  rule  can  be  given 
^■r  the  angle  that  the  recoiling  arch  ehouM  make  with  the 
^■bcestric  one,  We  imagine  that  this  depends  entirely 
^Hl'tlie  share  which  friction  and  oil  have  in  producing  the 
^Hnrdation  of  the  dead  beat. 

■^  Other  artists  have  endeavoured  lo  avoid  the  inconvenien- 

HRb  of  friction  and  oil  on  the  arch  of  repose  in  another  way. 

^nKicad  of  allowing  the  tooth  of  the  wheel  to  drop  on  the 

^Hbk  of  the  pallet,  which  we  call  the  arch  oftxcuraion,  and 

^^Bera  call  the  arch  of  repose,  it  drops  on  a  detent  o/  a  (Plate 

^^HI.  fig-  8.),  of  which  the  part  ( a  is  part  of  an  arch  whose 

^HHre  is  A,  the  centre  of  the  crutch,  and  the  part  ( o  is  in  the 

^Hection  of  the  radius.     This  piece  does  not  adhere  to  ihe 

pallet,  but  is  on  the  end  of  an  arm  o  A,  which  turns  round 

the  axis  A  of  the  crutch  on  fine  pivots ;  it  is  made  to  apply 

itself  to  the  back  of  the  pallet  by  means  of  a  slender  spring 

Wpt  attached  to  the  pallet,  and  pressing  inward  on  a  pin  p, 

a  the  arm  of  the  detent.     When  so  applied,  its  arch 
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( a  makes  the  repose,  and  iu  potu!  a  make*  a  Mnall  {kkImi 
of  the  i'ace  a  c  of  the  pallet. 

The  action  of  this  apparatus  is  ver^  cosily  und«r»uod. 
When  a  tooth  escapes  from  the  second  pallet,  by  the  molioa 
of  the  peailulum  from  tht  left  to  the  nght,  anoUi«f  toolb 
(irops  on  this  pallet  (which  the  figure  shews  to  be  tiie  firx 
or  leading  pallet)  at  ihc  angle  (,  and  rciits  ati  tbe  snull  pm* 
tioQ  (  a  of  an  arch  of  repose.  But  the  crutch,  continubg 
its  motion  to  the  right,  immediately  quits  the  am  o  A,G«^ 
rying  tht  pallet  a  er  along  with  it,  and  leaving  the  wfacd 
locki'donthe  detent  o(  a.  By  and  bye  the  pendulum  fiiudia 
its  excursion  to  the  right,  and  returns.  When  it  enleti  (be 
arch  of  action,  the  pallet  has  applied  itself  to  the  de<eDt*(il, 
and  withdraws  it  from  the  tooth.  The  tooth  imcncdialdjr 
acts  on  the  face  a  c  of  the  pallet,  and  restores  the  moliM 
lost  during  the  last  vibration.  The  use  of  the  (prugii 
merely  to  keep  the  detent  applied  to  tiie  pallet  vilhMt 
shaking.  It  is  a  httle  bent  during  their  separation,  ocxi  kUi 
something  of  an  opposing  force  to  the  ascent  of  the  pokdv- 
lum  on  the  otlier  side  of  the  wheel,  and  accelerates  its  return 
A  simiUr  detent  on  the  back  of  the  second  pallet  pcrfamu 
a  similar  office,  supporting  the  wlieel  while  the  peDdulum 
is  beyond  the  arch  of  scapement,  and  (juitling  it  when  tbt 
pendulum  enters  that  arch. 

We  do  not  know  who  first  practised  this  very  ingfetuout 
and  promising  invention.  Mr.  Mudge  certably  did  socBrlj 
as  1763  or  175+  Mr.  Bcrilioud  Bpeaks  obscurely  of  con- 
trivance's of  the  same  nature,  So  docs  Le  Roy,  and  (wt 
think)  X^e  Paute.  We  say  that  it  is  very  prumiang.  Fdc- 
lion  is  almost  annihilated  by  transfernng  it  to  tb«  pinto  at 
Ai  so  thai,  in  the  excursion  beyond  theanglcofseapciMOti 
the  pendulum  seems  ahnost  free.  Indeed  some  artista of  <KK 
ac(|uaintance  have  even  avoided  the  friction  of  the  pifots  it 
A,  by  making  the  arm  of  the  detent  a  spring  of  conwdanUe 
thickness,  except  very  near  to  A,  where  it  is  made  Terjr  tbis 
and  broad.      But  we  do  not  find  tliat  ibia  c 
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lough  easily  executed,  and  susceptible  of  great  preclnoti 
1  steadiness  of  action,  is  much  practised.      We  presume 
lat  the  perforniance  has  not  answered  expectations.     It  has 
I  superior  to  the  incomparably  more  simple  dead 
npement  of  Graham.    Indeed  we  think  that  it  cannot.    A 
t  of  the  friction  still  remains,  which  cannot  be  removed ; 
mely,  while  the  arch  f  a  is  drawn  from  between  the  tooth 
i  pallet.     Nay,  we  apprehend  that  something  more  than 
ktion  must  be  overcome  here.     The  tooth  is  apt  to  force 
e  detent  outward,  unless  the  part  fa  be  a  little  elevated 
It  its  point  a  like  a  claw,  above  the  concentric  arch,  and  the 
e  of  the  lodh  be  made  to  incline  forward,  so  as  to  fit  this 
lape  of  the  detent.     This  will  consume  some  force,  when 
B  momentum  of  the  pendulum  is  by  no  means  at  its  maxi- 
Should  the  clock  be  foul,  and  the  excursions  beyond 
xment  be  very  small,  this  disturbance  must  be  exceed* 
^y  pernicious.     But  we  have  a  much  greater  objection, 
taring  the  whole  excursion  beyond  scapement,  there  'a  a 
w  force  of  a  spring  acting  on  the  pendulum,  which  deviates 
iderably  from  the  proportions  of  ilie  accelerating  power 
Fgravity.     It  does  not  commence  its  action  titl  the  detent 
rates  from  the  arm  of  the  crutch.     Then  the  spring  of 
V  detent  acts  as  a  retarding  force  against  the  excursion  of 
B  pendulum,  now  on  the  other  side,  bringing  it  sooner  to 
1(  iind  then  accelerating  it  in  its  way  back  to  the  begin- 
bg  of  the  arch  of  scapement.     In  short,  this  construction 
tuld  have  the  properties  of  a  recoiling  scapement.     We 
I  a  clock-maker  to  make  some  experiments  on  one  which 
I  had  made  for  an  amateur,  which  fully  confirmed  our  con- 
When  the  detent  spring  was  strong,  an  increase 
|F  maintaining  power  made  the  vibrations  both  wider  and 
e  rapid.     The  artist  reduced  the  strength  of  the  spring 
I  this  effect  was  rendered  very  small.      It  might  perhaps 
f  qt^tc  removed  by  means  of  a  still  weaker  spring :  Bat 
was  already  so  weak,  that  a  hard  step  on  the  floor 
Ptlio  room  did  sometimes  disengage  tlie  detent  from  thd 
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wheel.  It  appears,  therefore,  that  nothing  can  be. reasoik* 
ably  exp^ted  from  this  construction  that  is  not  as  well  per* 
formed  by  the  dead  scapement  of  Mr.  Graham,  of  mudi 
easier  execution  and  more  certain  performance. 

Very  similar  to  this  construction  (at  least  in  the  excuraon 
beyond  the  angle  of  scapement)  is  the  construction  of  Mr. 
Gumming,  and  it  has  the  same  defects.  His  pallets  are 
carried,  as  in  the  one  described,  by  the  crutch.  The  de- 
tents press  on  them  behind  by  their  weight  only  :  therefore^ 
when  the  tooth  is  locked  on  the  detent  of  one  pallet,  its 
weight  is  taken  off  from  the  pendulum  on  that  side,  and  the 
weight  of  the  detent  on  the  other  side  opposes  the  asoenti 
and  accelerates  the  descent  of  the  pendulum. 

Mr.  Gumming  executed  another  scapement,  con«stiDg^ 
like  those,  of  a  pallet  and  detent.  But  the  manner  of  apply- 
ing  the  maintaining  power  is  extremely  different  in  princi- 
ple from  any  yet  described.  It  is  exceedingly  ingemooSf 
and  seems  to  do  all  that  is  possible  for  removing  every  soum 
of  irregularity  in  the  muntaining  power,  and  every  obstruc- 
tion to  free  motion  arising  from  friction  and  ml  in  the  8c^)e- 
ment.  For  this  reason  we  shall  give  such  an  account  of  its 
essential  circumstances  as  may  suffice  to  give  a  clear  conoep 
tion  of  its  manner  of  acting,  and  its  good  properties  and  de* 
fects ;  but  referring  the  inquisitive  reader  to  Mr  Cumming^s 
Elements  of  Clock  and  Watch- Work,  published  in  1766, 
for  a  more  full  account. 

In  the  scapemcnts  last  described,  the  pallets  were  fixed  to 
the  crutch  and  pendulum,  and  the  maintaining  power,  dur- 
ing its  action,  was  applied  to  the  pendulum  by  means  of  the 
pallets,  in  the  same  way  as  in  ordinary  scapements.  The 
detents  were  unconnected  with  the  pendulum,  and  it  was 
free  during  the  whole  excursion.  In  the  present  scapement 
both  the  pallets  and  detents  are  detached  from  the  pendu- 
lum, except  in  the  moment  of  unlocking  the  wheel ;  so  that 
the  pendulum  may  be  said  to  be  free  during  its  whole  vibrSf 
tion,  except  during  this  short  moment 
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^  ABC  (Plate  VIII.  fig.  9.)  represents  a  portion  o(  ihe 
wheel,  of  which  O  U  the  centre,  and  A  one  of  the 
heth  i  Z  is  the  centre  of  the  crutch,  pallets,  and  pendulum, 
e  crutch  or  detents  is  represented  of  a  form  resembling 
e  letter  A,  having  in  the  circular  cross  piece  a  slit  ifc,a]ao 
Rcular,  Z  being  the  centre.  This  Jbmi  is  very  different 
1  Mr.  Cumniing's,  and  inferior  to  hts,  but  was  adopted 
:  in  order  to  avuid  a  long  description.  The  arm  ZF 
ms  the  first  detent,  and  the  tooth  A  is  represented  as  lock- 
I OD  it  at  F.  D  is  the  first  pallet  on  the  end  of  the  arm 
i  moveable  round  the  same  centre  with  the  detents  ;  but 
irreable  independently  of  ihem.  The  arm  d  e,  to  which 
e  pallet  U  1^  attached,  lies  altogether  behind  the  arm  ZF 
fethe  detent,  being  fixed  to  a  round  piece  of  brass  e/g, 
kh  has  pivots  turning  concentric  with  the  verge  or  axis  of 
p  pendulum.  To  the  same  rotind  piece  of  brass  is  fixed 
I  horizontal  arm  e  II,  carrying  at  its  extremity  the  ball  H, 
Ksuch  size,  that  the  action  of  the  tooth  A  on  the  pallet  D 
ist  able  (but  without  any  risk  of  failing)  to  raise  it  up  to 
a  poeition  here  drawn.  ZPp  represents  the  fork,  or  the 
pendulum  rod,  behind  both  detent  and  pallet.  A  pin  p  pro- 
jects forward,  coming  through  the  slit  ik,  without  touching 
tiie  upper  or  under  margin  of  it.  There  is  also  attached  to 
tlie  fork  the  arm  m  n  (and  a  similar  one  on  the  other  side,) 
of  such  length  that,  when  the  pendulum  rod  is  perpendicu- 
lar, as  is  represented  here,  the  angular  distance  of  n  ^  from 
the  rod  e  ^  H  is  precisely  equal  to  the  angular  distance 
of  the  left  side  of  the  pin  p  from  the  left  end  i  of  the  slit 

^^■Slie  mode  of  action  on  this  apparatus  is  abundantly  sim- 

^^f.     The  natural  position  of  the  pallet  D  is  at  i,  represent- 

^«1  by  the  dotted  lines,  resting  on  the  back  of  the  detent  F. 

Itis  naturally  brought  into  ibis  poiiition  by  its  own  weight, 

And  BliU  more  by  the  weight  of  the  ball  H.     The  pallet  D, 

«t  oo  the  fore  side  of  the  arm  at  Z,  comes  into  tlie 

ne  with  the  detent  F  and  tlie  swing-wheel.     It  is 
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drawl),  however,  in  the  figure  in  another  pOsiuon.  Thebodi 
C  of  the  whee!  is  supposed  to  have  escaped  from  ihe  teead 
pallet,  on  which  the  tooth  A  immediaiely  engages  wjtfc  At 
pallet  D,  situated  at  9,  (broes  it  out,  and  then  rests  ogdt 
detent  F,  the  pallet  D  leaning  on  the  tip  of  the  tocMb.  Fii 
brought  into  this  situation  in  a  wajr  thttt  will  appear  pnnt- 
1y.  After  the  escape  of  C,  the  pendulum,  moving  down  da 
arch  of  semi  vibration,  is  represented  as  hax'ing  atloiiud  ibc 
vertical  position.  Proceeding  still  to  the  left,  the  pia  p 
reaches  the  extremity  i  of  the  slit  i  k ;  and,  at  the  naf  b- 
atant,  (he  arm  n  touches  thct  rod  e  H  in  9.  The  pwiflufciB 
proceeding  a  hair's  breadth  further,  withdraws  the  detw  f 
from  the  tooth,  which  now  even  pushes  off  the  detem*  bj 
acting  on  the  slant  face  of  it.  The  wheel  being  do*  ii»- 
locked,  the  tooth  following  C  on  the  oilier  side  artaoa  in 
pallet,  pushes  it  off,  and  rests  on  its  detent,  wbidi  hat  bn 
rapidly  brought  into  a  proper  position  by  the  actiott  «f  A<a 
the  slant  face  of  F.  It  was  a  similar  action  ofC  («  ittiW- 
tent  in  the  moment  of  escape,  which  brought  F  into  a  fit  p 
sition  for  locking  the  wheel  by  the  tooth  A.  The  peadula 
still  going  on,  the  arm  m  n  carries  the  weight  of  the  bifi  B, 
and  the  pallet  connected  with  it,  and  it  comes  to  rest  bribft 
the  pin  p  again  reaches  the  end  of  the  slit,  which  bad  beet 
suddenly  withdrawn  from  it  by  the  action  ef  A  on  tbe  ste 
face  of  P.  The  pendulum  now  returns  towards  tbe  fi|^ 
loaded  on  the  left  with  the  ball  H,  which  restores  IbeiMMi 
which  it  had  lost  during  the  last  vibration.  When,  b^ili 
motion  to  the  right,  the  pin  p  reaehes  the  end  k  of  the  tilt 
ik,  it  unlocks  the  wheel  on  the  right  side.  At  the  sanois- 
stant  the  weight  H  ceases  to  act  on  the  pendulum,  beii^ 
now  raised  up  from  it  by  the  action  of  a  tooth  like  B  oa  the 
pallet  D. 

Let  us  now  consider  Ihe  mechanism  of  these  HMtioDS 
The  prominent  featureof  tbe  contrivance  is  tlte  ahnoalas- 
plete  ditengagement  of  the  regulator  from  the  wheels. 
wheels,  indeed,  act  oo  the  pUletSi  bat  the  p*"-^  «■  t 
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iched  from  the  pcDduluin.     The  sole  use  of  ihe  wheel  m 

9  raise  the  little  weights  while  the  pendulum  is  on  the  other 

1  order  to  hav«them  iu  readiness  at  the  arrival  of  the 

i^ndulum.     Tliey  are  then  laid  on  the  pendulum,  and  sup 

ll^yan   accelerating  force,  which  res loreij  to  the  pendulum 

ttbe  momentum  lost  during  the  preoediug  vibration.     There- 

v'five  no  inequalities  in  the  action  of  the  wheel  on  the  pallets, 

Bvriiether  arising  frcm  fiiction  or  oil,  has  any  clfcct  on  the 

rMuntoining  power.     It  remains  always  the  same,  namely, 

e  rotauve  momentum  of  the  two  weights.     The  only  cir> 

Distance,  in  which  the  irregularity  of  the  action  of  the 

Vtrheel*  can  affect  the  pendulum  is  at  the  moment  of  unlock- 

■filig>     Here  indeed  llie  regulator  may  be  affected ;  but  this 

Boment  is  so  short,  in  comparison  with  other  scapementa, 

bat  it  must  be  considered  as  a  real  improvement. 

It  is  very  uncandld  to  refuse  the  author  a  claim  to  the 

^daracter  of  an  ingenious  artist  on  account  of  this  contriy- 

;,  as  has  bi;en  done  by  a  very  ingenious  university  Pro 

yt,  who  taxes  Air.  Gumming  with  ignorance  of  ihe^firsl 

t  of  mtdtaitict,  and  says  that  tlie  best  thing  in  his 

it  IB  his  advice  to  suspend  the  pendulum  from  a  great 

k  of  marble,  firmly  fixed  in  the  wall.     This  is  certainly 

II  good  advice,  and  we  doubt  not  but  tliat  the  Professor's 

wk  would  have  performed  still  better  if  he  had  conde^ 

ided  to  follow  it.     It  is  still  less  candid  to  question  the 

dity  of  the  invention.     We  know  for  certain  that  it 

a  invented  at  a  time  and  place  where  the  author  eoidd  not 

what  had  been  done  by  others.     It  would  have  been 

e  like  the  urbanity  of  a  well-educated  man  to  have  ac- 

wledged  the  genius,  which,  without  similar  advantages, 

i  done  so  much. 

But,  while  we  liius  pay  the  tribute  of  justice  to  Mr.  Cum* 

;,  we  do  not  adopt  all  his  opinions.     The  clock  has  the 

e  defects  as  the  lormer  in  respect  of  the  law  of  the  force 

h  aoeelenites  the  pendulum.     The  sudden  addition  of 

rwgfat,  and  llii*  almost  at  tiis  eztremitT  of  the  ri- 
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liratinn,  would  derange  it  very  much,  if  the  ad^tion  v~en> 
susceplitile  of  any  sensible  variation.  The  irregularitj  of 
the  action  of  the  whpels  may  seoflibly  affect  (he  modon  dur- 
ing the  unlocking,  when  ihe  dock  n  fttui,  nnd  the  pendulum 
/iMi  able  to  unlock-,  for  any  disturbance  at  ihe  ntrenut} 
of  the  vibration  greatly  affects  the  time.  We  acknowM 
that  the  parts  which  we  here  suppose  to  be  fou)  may  n 
so  in  the  course  of  twenty  years,  these  part*  biAng  only 
pivots  of  the  scapement.  The  grwil  defect  of  the  i 
meat  is  its  liableness  to  unlock  by  any  jolt.  It  is  more  sulv 
ject  to  this  than  the  others  already  mentioned.  This  ridt 
is  much  increased  by  the  slender  make  of  the  parts,  in  )Ir. 
Cumming's  drawings,  and  in  the  only  clock  of  the  kind  we 
have  seen ;  but  this  is  not  necessary :  and  it  should  be 
avoided  for  another  reason;  the  interposing  so  many  sleiw 
der  and  crooked  parts  between  the  moving  power  and  the 
pendulum  weakens  the  communication  of  power,  and  Ffr 
quires  a  much  more  powerful  wheel-work. 

All  these,  however,  are  slight  defects,  and  only  tbel 
can  be  called  a  fault.     The  clocks  mode  on  this  piicu 
have  gone  remarkably  well,  as  may  be  seen  by  the  regtiUn 
of  his  majesty ''s  private  observatory.     But  the  greateat  ob- 
jection is,  that  they  do  not  perform  better  than  a  well-ntade 
dead  scapement ;  and  they  are  vastly  more  troublesome  lo 
make  and  to  manage.     This  is  strictly  true,  and  iss  scriotu 
objection.   The  fact  is,  that  the  dominion  of  a  heavy  pendu> 
lum  is  90  great,  that  if  any  one  of  the  scapenients  now  de- 
scribed be  well  executed  with  pallets  of  agate,  and  a  whfcl 
of  bard  steel,  and  if  the  pendulum  be  suspended  mgjixMj 
to  Mr.  Cumming's  advice,  there  is  hardly  any  difTerence  to 
be  observed  in  their  performance.     We  shall  content  our- 
selves with  a  single  proof  of  this  from  fact.     The  clock  ^H 
vented  by  the  celebrated  Harrison  is  at  leasl  equal  tti  its  JH 
formanceto  any  other.     Friction  is  almost  annihilated,  aj^| 
no  oil  is  required.     It  went  fourteen  years  without  being 
touched,  and  during  tliat  time  did  uot  vary  oiw  complete 
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»  another,  i 
i  accumitlalion  from  equable  motion.  Yet  the 
Spement,  in  so  far  as  it  respects  the  law  of  the  accelerating 
ibrce,  deviates  more  frum  the  proportion  of  the  spates  than 
the  most  recoiling  scapemenl  that  ever  was  put  to  a  good 
clock.  It  is  so  diScrcnt  from  all  hitherto  described,  both 
in  form  and  principle,  that  we  must  not  omit  some  ac- 
count of  it,  and  with  it  we  shall  conclude  our  scapeinents 
for  clocks. 

Let  GDO  (Plate  VIII.  fig.  10.)  repreoent  the  swing- 
wheel,  of  which  M  is  the  ceutre.  A  is  the  verge  or  axii 
of  the  pendulum.  It  has  two  very  short  arms  AB,  AE. 
A  slender  rod  BC  turns  on  fine  pivots  in  the  joint  B,  and 
has  at  its  extremity  C  a  hook  or  claw,  which  takes  hold  of 
a  tooth  D  of  the  swing-wheel  when  the  pendulum  moves 
from  the  right  side  to  the  left.  This  claw,  when  at  liberty, 
stands  at  right  angles,  or,  at  least,  in  a  certain  determinate 
angle,  with  regard  to  the  arm  AB ;  and  when  drawn  a  lit- 
tle fVom  that  position,  it  is  brought  back  to  it  again  by  a 
very  slender  spring.  The  arm  AE  is  furnished  with  a 
detent  EF,  which  also,  when  at  liberty,  maintains  its  posi- 
tion on  the  arm  by  means  of  a  very  slender  spring. 

Let  us  now  suppose  that  the  tooth  D  is  pressing  on  the 
daw  C,  while  the  pendulum  is  moving  to  the  right.  The 
joint  B  yields,  by  its  motion  round  A,  to  the  pressure  of  the 
tooth  on  the  claw.  By  this  yielding,  the  angle  ABC  opens 
a  little.  In  the  mean  time,  the  same  motion  round  A  causes 
the  point  F  of  the  detent  on  the  other  side  to  approach  the 
circumference  of  the  wheel  in  the  arch  of  a  cirdc,  and  the 
tooth  G  at  the  same  time  advances.  They  meet,  and  the 
point  of  G  is  lodged  in  the  notch  under  thu  projecting  heel 
f.  When  this  takes  place,  it  is  evident  that  any  further 
notion  of  the  point  E  round  A  mu-st  push  the  tooth  G  a 
little  backwards,  by  means  of  the  detent  EF.  It  cannot 
I,  because  il 


I 


e  any  n 


c  point  o 


s  the  \iee\f.     The  insUnt  that  F  pushes  G  back,  the 
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toolh  D  is  withdrawn  from  the  daw  C,  and  C  fl 
ilie  action  of  its  spring,  and  resumes  tts  powtioo  a 
angles  to  BA  ;  and  the  wheel  is  now  free  from  tli 
but  is  pushing  at  the  detent  F  ••  The  pendulom,  UiiHf  ' 
finished  its  excursion  to  the  right  (in  which  it  oums  tW 
wheel  to  recoil  by  means  of  the  detent  F,)  returm  tonad 
the  left.  The  wheel  now  advances  again,  and,  hy  pfoaaf 
on  F,  aids  the  pendulum  through  the  whole  aogle  oThi^ 
ment.  By  this  moiion  the  claw  C  describes  an  arck  rf  ■ 
circle  round  A,  and  approaches  the  wheel,  (ill  it  take  Ud 
of  another  tooth,  namely,  the  one  fallowing  D,  and  pJb  it 
back  a  little.  Thisimmcdiaielj  freei  llie  detent  F  fhnlk 
pressure  of  the  tooth  G,  and  it  fljes  out  a  little  &nai  tba 
wheel,  resuming  its  natural  positioQ  by  rocaiiA  of  its  ipna^ 
Soon  after,  tiie  motion  of  the  pendalum  to  ibe  left  tmm, 
and  the  pendulum  returns;  D  pulling  forward  the  book  C 
III  aid  the  pendulum,  and  tbc  foroier  aperatia«  la  npwtd, 
lie.  &c. 

Such  is  the  operation  of  the  pallet!  of  Harmoo  aad  Hm^ 
ley-     FriciioD  is  alnusl  totally  avoided,  and  oil  tnUitiji. 
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lie  motion  is  gireo  to  the  peodulum  by  a  fhir  pull  or  pmh, 

i  the  teeth  ot'  the  wheel  only  apply  themnelveif  to  lliG  de> 

without  rubbing.     There  is  no  drop,  and  the  scape* 

!B  no  noise,  and  i*  what  the  artists  cnlls  a  iHtut 

The  mechanician  will  readily  perceive,  that  by 

>erly  disposing  the  arms  AB,  AE,  and  dispoung  the  pal- 

on  the  circumrerence  of  the  nheel,  the  law,  by  which 

e  action  of  the  wheel  on  the  pendulum  is  regulated,  may 

I  greatly  varied,  so  as  to  harmonize,  as  far  as  the  nature 

f  ccqieinenl,  alternately  pushing  and  pulling,  will  admit, 

jith  the  action  of  gravity. 

t  this  is  evidently  a  recoiling  scapemeni,  and  one  of 


e  worst  kind ;  for  the  recoil  is  made  at  the 


very  c 


B  vibration,  where  every  disturbance  of  the  regular  cy^ 
I  vibration  occasions  the  greatest  disturbance  to  the 
Yet  this  clock  kept  time  with  most  unexampled 
ion,  far  excelling  all  that  had  been  made  before,  and 
•qual  to  any  that  have  been  made  since.  This  is  entirety 
swing  to  the  immcnfe  supriority  of  the  momentum  of  tlia 
pendulum  over  the  maintaining  power. 


■'  II.  OfScafcmeiUsJora  Watch. 

Trs  execution  of  a  proper  scapcmcnt  for  watches  is  afar 
more  delicate  and  diiUciih  problem  than  the  foregoing,  on 
account  of  the  small  t^ize,  which  recjuiren  much  more  accu- 
rate workmanship,  bci-auee  the  error  of  the  hundredth  part 
of  ^  inch  lias  as  great  a  proportion  to  the  dimensions  of  the 
regulator  as  an  inch  in  a  common  house  clock.  It  is  much 
more  difficult  on  another  account.  We  have  no  such  means 
of  nocumulating  such  adcKninion  (to  use  Mr.  Harrison's  ex. 
pressive  term)  over  the  wheel-work  in  ihe  regulator  of  a 
watch  as  in  that  of  a  clock.  The  heaviest  balance  that  we 
can  employ,  without  the  certainty  of  snapping  lis  pivots  by 
ht  jolt,  is  a  mere  trifle,  in  comparison  with  the  pen- 
r  the  most  ordinary  clock.     A  dozen  or  twenty 
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grains  is  tlic  utmost  weight  of  ihc  balance,  even  of  "I 
large  pocket  waich.  Theoiily  way  that  we  can  accin 
Rny  UQlalile  quantity  of  regulaiing  power  in  such  i 
pittance  of  matter,  is  by  giving  it  a  very- great  TelocityJ 
_wi' da  by  accumulating  nil  its  weight  in  the  rim,  by  | 
it  very  wide  vibrations,  ami  bv  making  Oieai  extr 
quenl.  The  balance-rim  ofamidilling  good  watch  i 
pass  through  at  least  len  inches  in  ev^-y  second.  Noir,fi 
we  reflect  on  the  small  momentuoi  of  this  regulator,  ti 
evitable  inequalities  of  the  tnaintaining  power,  and  the  grot 
arch  of  vibration  on  which  these  inequalities  will  operate; 
and  the  cunipiirative  magnitude  even  of  an  almuel  tn«iftiilik 
friction  or  clamminess,  it  appears  almo^st  chimerical  to  ex- 
pect any  thing  near  to  equability  in  the  vibrations  bikJ  io- 
credible  iliat  a  wratch  can  be  made  which  will  not  vary  man 
than  one  beat  in  86+00.  Yet  such  have  been  made.  Tfwj 
must  be  considered  as  the  most  masterly  exertions  of  humn 
art.  The  performance  of  a  reflecting  telescope  is  a  <;n3l 
wuiider :  the  worst  that  can  find  a  market  must  have  its  w- 
rors  executed  without  an  error  of  the  teij-tliou&aucllh  put 
of  an  inch  i  but  we  now  know  that  this  accura<;y'  is  attiifr' 
cd  almost  in  spite  of  us,  and  that  we  scarcely  ean  make  ^tm 
of  a  worse  6gure.  But  the  case  is  far  otherwise  in  watclv 
work.  Here  all  those  wonderiul  approaches  to  perfection 
arc  the  results  of  rational  discus^on,  by  meanai  of  touod 
principles  of  science ;  and,  unle^  the  artist  who  puts  ibese 
principles  into  practice  be  more  than  a  mere  copyist,  unlea 
the  principles  themselves  are  perceived  by  him,  and  odiul* 
ly  direct  his  hand,  tlie  watch  may  still  be  good  for  nmiiii^. 
Surely,  then,  this  is  a  liberal  art,  and  iar  above  a  manuil 
knack.  The  study  of  the  means  by  which  such  wiMiden 
are  steadily  elTecieH,  is  therefore  the  study  of  a  gentla 
In  the  account  given  above  of  the  scapeincDta  for  p 
lums,  we  assumed,  as  one  leading  prin<^ple,  thM  tit  n 
n'^ratuM  of  a  ptntinlwn  are  per/ormtd  in  equal  t> 
trnif  ornarrvK).     This  is  so  nearly  true,  when  thaarclMtfa 
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tacb  side  or  the  perpendicular  do  not  exceed  four  degrees, 
that  t)ie  retardation  of  the  wider  arches  within  that  limit 
will  not  become  sensible,  though  accumulated  for  a  long 
dme.  The  common  scapemenE  with  a  plane  face  of  the  pal- 
let, helps  to  correct  even  this  small  inequality  much  better 
than  the  nicest  form  of  tlie  cycloidal  cheeks  proposed  bj 
Huyghens. 

In  watch-work  we  assume  a  similar  principle,  namely, 
that  ihe  oscillatiotu  of  a  balana,  urgtd  bt/  a  spring,  and  undit- 
turbed  by  ail  foreign  forcfs,  are  performed  in  equal  limes,  whe- 
tker  they  be  iride  or  narrow.  This  principle  was  assumed  by 
the  celebrated  mechaDician  Dr.  Robert  Hooke,  on  the  au- 
thority of  many  experiments  which  he  had  made  on  the 
bending  and  unbending  of  springs.  He  found  that  the 
force  necessary  for  retaining  a  spring  in  any  constrained  po- 
sition was  proportional  to  its  tension,  or  deflection  from  its 
natural  form.  He  expressed  this  in  an  anagram,  which  he 
published  about  the  year  16(>0,  in  order  to  establish  his 
claim  to  the  discovery,  and  yet  conceal  it,  till  be  had  made 
some  important  application  of  it.  When  the  anagram  was 
explained  some  years  afterwards,  it  was,  "  Ut  ferutb,  «ic 
t^>''  Dr.  Hooke  thought  of  applying  this  discovery  to  the 
regulation  of  watch  movements.  For,  if  a  slender  spring 
be  property  applied  to  the  axis  of  a  watch  balance,  it  will  put 
that  balance  in  a  certain  determinate  position.  If  the  ba- 
lance be  turned  aside  from  this  position,  it  seems  to  follow 
that  it  will  be  urged  back  towards  it  by  a  force  proportional 
to  its  distance  from  it.  He  immediately  made  the  applica- 
tion to  an  old  watch,  which  he  afterwards  gave  to  Dr.  Wil- 
k'ms,  Bishop  of  Chester.  This  was  in  1658.  Its  motion 
was  so  amazingly  improved,  that  Hooke  was  persuaded  of 
the  perfection  of  his  principle,  and  thought  that  nothing  was 
DOW  wanting  for  making  a  watch  of  this  kind  a  perfect  chro 
oometer  but  the  hand  of  a  good  workman.  For  his  watch 
I  almost  perfect,  though  made  in  a  smalt  country 
I  very  coarse  manner.     Mr.  Huyghens  also  claims 
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this  discovery.  He  published  his  claim  about  the 
1675,  and  proposed  to  make  walcties  for  discovering' 
longitude  of  a  ship  at  sea.  But  there  is  the  luo&t 
tionable  evidence  of  Dr.  Hooke's  priority  by  fifteen  jean, 
and  of  his  having  made  several  watibes  of  this  kind.  One 
of  them  was  in  the  possession  of  his  majesty  king  Charles  II. 
Dr.  Hooke's  first  balance  spring  was  straight,  audacted  oa 
the  balance  in  a  very  imperfect  manner.  But  he  soon  saw 
the  imperfections,  and  made  several  successive  alteration*; 
and,  among  others,  he  employed  the  cyhndrical  spini  now 
employed  by  Mr.  Arnold  ■,  but  he  gave  it  up  for  the  fcl 
spiral ;  and  tlie  king's  walcli  had  one  of  this  kind  before 
Mr.  Hiiyghens  published  his  inventioa.  His  project  oFloo- 
gitude  watches  had  been  carried  on  along  with  Lerd 
Bruuncker  and  Sir  Robert  Mniay,  and  they  bad  qtuurvled 
some  y<^rs  before  that  publication. 

But  both  Dr.  Hooke  and  Mr-  Huygbens  were  too  san- 
guine in  their  expectations.  We,  by  no  means,  hare  tbt 
evidence  for  the  truth  of  this  principle  that  we  have  for  the 
accelerating  action  of  gravity  on  a  pendulum.  It  reeti  OB 
the  nicety,  and  the  propriety  of  the  experiments ;  and  long 
experience  has  shewn  that  it  is  sensibly  true  only  wilhin 
certain  limits.  The  demonstrations  by  which  Bernoulli 
supports  the  unqualified  principle  of  Mr.  Huyghens,  pro- 
ceed on  hypothetical  doctrines  concerning  the  nature  of  du- 
ticlty.  And  even  these  shew  that  the  law  of  elasticity  whidi 
he  assumed  was  selected,  not  because  founded  on  simpler 
principles  than  any  other,  but  because  it  was  consistent  wilh 
the  exprimcnts  of  Hooke  and  Huyghens.  Besides,  although 
this  should  be  the  true  law  of  a  spring,  it  does  not  fblknr  tlitf 
this  spring,  applied  in  any  tcay  to  the  axis  of  a  bdoBoe,  wffl 
urge  that  balance  agreeably  to  the  same  law ;  and  iftt  Si, 
it  stjL  does  not  follow  that  the  oscillations  of  the  balance  *ffl 
be  isocbroniius ;  for  the  force  has  to  move  not  oftly  the  ht- 
lance, but  also  the  spring.  Pnrlof  therestoringforcerflhe 
spring  is  employed  in  restoring  it  rapidly  to  its 
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abape,  and  thus  enabling  it  to  follow  and  iftU  impel  the  yield- 
ing b&iance.  It  is  therefore  only  tlie  surplus  which  is  em- 
ployed in  actually  moving  the  balance,  and  it  is  uncertain 
whether  this  surplus  varies  according  to  the  same  law,  being 
always  the  same  proportion  of  the  whole  force  of  the  spring. 
Vfe  find  it  an  extremely  difficult  problem  to  determine  the  law 
of  variation  of  this  surplus,  even  in  tlie  simplest  form  of  the 
spring ;  nay,  it  is  by  no  means  an  easy  problem  to  determine 
the  law  of  oscillation  of  a  spring,  unloaded  with  any  halance ; 
and  we  can  easily  shew  that  there  are  Euch  forms  of  a  spring, 
that  although  the  velocity  with  which  the  dUfcrent  parts 
fq>proach  to  their  quiescent  position  be  exactly  as  their  ex- 
cursion from  it,  this  is  by  no  means  the  law  of  velocity 
which  this  spring  will  produce  in  a  balance.  The  matter  of 
&ct  is,  that  when  the  spring  is  a  simple  straight  steel  wire, 
suspending  the  balance  in  the  direction  of  its  axis,  the  mo- 
tions of  it,  if  not  immoderate,  are  precisely  agreeable  to 
Huygfaens's  and  tlooke's  rule ;  and  that  the  motion  of  a 
bdbncc  urged  by  a  spring  wound  up  into  a  Hat,  or  a  cylin- 
drical  spiral,  as  in  common  watches,  and  those  of  Arnold, 
deviates  sensibly  from  it,  unless  a  certain  analogy  be  pre> 
■erved  between  the  length  and  the  elasticity  of  the  spring. 
If  the  spring  be  immoderately  long,  the  wide  vibrations  are 
■lower  than  the  narrow  ones ;  and  the  contrary  is  observed 
when  the  spring  is  immodcralcly  short.  A  certain  taper,  or 
gradual  diminution  of  the  spring,  is  also  found  to  have  an  ef- 
fect in  equalizing  the  wide  and  narrow  vibrations.  There  is 
aiao  a  great  difference  between  the  force  with  which  a  part 
of  the  ^ring  unbends  itself,  and  the  action  of  that  force  in 
urging  the  balance  round  its  axis ;  and  the  performance  of 
tnany  watches,  good  in  other  respects,  is  often  faulty  from 
the  manner  in  which  this  unbending  force  is  employed. 

But,  since  these  corrections  are  Lo  our  power  in  a  consider- 
able degree,  we  may  suppose  them  applied,  and  the  true 
motion  (which  we  shall  call  the  cycloidal)  attiuned ;  and  we 
nay  then  adapt  the  construction  of  thescapement  to  thcpre- 
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serving  this  molion  undisturbed.  And  here  wemust  see^ 
once  that  the  problem  is  incomparably  more  dclicste  iban  ia 
tile  caseof  pendulums.  The  vibrntiuna  uitist  be  very  wide, 
and  tlie  angular  motinn  rapid,  that  it  may  bf  little  affected 
by  external  motions.  The  smallest  inequalities  of  nuuRUun- 
ing  powi^r  acting  through  so  great  a  space,  must  bear  a  coo- 
siderahlc  proportion  to  the  very  minute  momestum  ofa 
watch  balance.  Oil  is  as  clammy  on  the  ]»11ets  vf  a.  watch 
as  on  those  of  a  eiock  ;  a  viscidity  which  would  never  be  felt 
by  a  pendulum  uf  30  pounds  weight  will  atop  a  balance  of 
20  grains  altogetlicr.  For  the  same  reason,  it  is  evident 
that  any  impropriety  in  the  form  of  the  pallet  must  be  in- 
comparably more  pernicious  than  in  the  case  of  a  pendulum; 
the  deviation  which  this  may  occasion  from  s  force  propor- 
tional to  the  angular  distance  from  the  middle  point,  murt 
bear  a  great  proportion  to  the  whole  force. 

The  common  recoiling  scapcment  of  die  old  clocks  itiH 
holds  its  place  in  the  ordinary  packet  watches,  and  onswerf 
all  the  common  purposes  of  a  watch  very  well.  A  well 
finished  watch,  with  a  recoihng  scapemeot,  will  keep  time 
within  a  minute  in  the  day.  This  is  enough  for  the  ordi- 
nary affairs  of  life.  But  such  watches  are  subject  to  great 
vanatjon  in  their  rate  of  going,  by  any  change  in  the  power 
of  the  wheels.  This  is  evident ;  for  if  tba  watch  be  held 
back,  or  pressed  forward,  by  the  key  applied  to  the  fusee 
i^quare,  we  hear  the  beating  greatly  ntarded  or  accelerated. 
The  muiniainlng  power,  in  the  best  of  such  watches,  is  never 
less  than  one  fifth  of  the  regulating  power  of  the  spiiog. 
For,  if  we  lake  off  the  balance  spring,  and  allow  the  balance 
to  vibrate  by  the  impulse  of  the  wheels  alone,  we  shall  find 
the  minute  hand  to  go  forward  from  26  to  30  minutes  per 
hour  Suppose  it  30.  Then,  since  the  wheels  act  through 
equal  spaces  with  or  without  a  spring,  the  forces  are  as  die 
squares  of  the  acquired  velocities.  The  velocity  in  this  ow 
is  double ;  tlierefore  the  accelerating  force  is  quadruple,  aai 
the  force  of  the  spring  is  tliree  times  that  of  the  whceU.    If 
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the  hand  goes  forward  25  minutes,  the  force  of  the  wlieels 
is  about  one-fifth  of  that  of  the  spring  This  great  propor- 
tion Ja  necessary,  as  already  observed,  that  the  watch  roay 
go  as  soon  as  unstopped. 

We  have  but  liltleto  say  on  thisscapement;  its  principle 
and  manner  of  action,  and  its  good  and  bad  qualities,  being 
the  same  with  those  of  the  similar  scapemmi  for  pendulums. 
It  is  evident  that  the  maintaining  power  being  applied  in  the 
most  direct  manner,  and  during  the  whole  of  the  vibration, 
it  will  have  the  greatest  possible  influence  to  move  the  ba- 
lance. A  given  mainspring  and  train  will  keep  in  motion  a 
heavier  balance  by  means  of  this  scapement  than  by  any 
other.  But,  on  the  other  hand,  and  for  the  same  reason, 
the  balance  has  less  dominion  over  the  wheel-work,  and  its 
vibrations  are  more  affected  by  any  irregularities  of  the 
vheel-work.  Moreover,  the  chief  action  of  the  wheel  being 
at  the  very  extremities  of  the  vibrations,  and  being  very  ab- 
rupt, the  variations  in  its  force  are  most  hurtful  to  the  iso.^ 
cbzonism  of  the  vibratbns. 

Although  this  scapement  is  extremely  simple,  it  is  suscep> 
tible  of  more  degrees  of  goodness  or  imperfection  than  aU 
IDOst  any  other,  by  the  variation  of  the  few  particulars  of  its 
conetruction.  We  shall  therefore  briefly  describe  that  con- 
struction which  long  experience  has  sanctioned  as  approach- 
ing near  to  the  be^t  performance  ihat  can  be  obtained  from 
the  common  scapement.  Plate  IX.  fig.  !.  represents  it  in 
what  are  thought  its  best  proportions,  as  it  appears  when 
loi^ing  straight  down  on  the  end  of  the  balance  arbor.  C 
is  the  centre  of  the  balance  and  verge.  CA  and  CB  are  the 
two  pallets ;  CA  being  the  upper  pallet,  or  the  one  next  to 
the  balance,  and  CB  being  the  lower  one.  F  and  D  are  two 
teeth  of  the  crown  wheel,  moving  from  left  to  right;  and 
£,  G,  are  two  teeth  on  the  lower  part  of  the  circumference, 
moving  from  right  to  left.  The  tootli  D  is  represented  as 
just  escaped  from  the  point  of  CA,  and  the  lower  tooth  £  as 
Just  come  in  contact  with  the  lower  pallet.     The  scapement 
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should  not,  however,  bequite  so  close,  because  an  ii 
on  the  teeth  might  prevent  D  from  escaping  at  i 
tCE  touch  the  pallet  CB  before  D  has  quitted  CA,1 
will  stand  Btill.  This  fault  will  be  corrected  by  wiifc, 
drawing  the  wheel  a  little  from  the  verge,  or  bj  shottoiiif 
the  pallets. 

The  proportions  are  as  follow.  The  distance  Ulnu 
the  front  t^  the  teeth  (that  is,  of  G,  F,  K,  D)  aod  llw  «u 
C  of  tite  balance  is  one-fif^h  of  FA,  the  distance  betwa 
the  points  of  the  teeth.  The  length  CA,  CB  of  the  pallrti 
is  three-fiflhs  of  the  same  distance.  The  p&Uets  make  m 
angle  ACB  of  95  degrees,  and  the  front  DH  or  FK  at  At 
teeth  make  an  angle  of  25°  with  the  axis  of  theoown* 
wheel.  The  sloping  side  of  the  tooth  must  be  of  aa  «^ 
cycloidalform,  suited  to  the  relative  motion  of  the  toatlmid 
pallet. 

From  these  proportions  it  appears  that  the  pallet  A  tm 
throw  out,  by  the  action  of  the  tooth  D,  till  it  reacba  0, 180 
degrees  from  CL,  the  line  of  the  crown-wh«eI  exit.  Vet 
it  can  throw  out  till  the  pallet  B  strike  against  tbe  finot 
of  £,  which  is  inclined  2S'  to  CL.  To  this  add  BCA, 
=  95°,  and  we  have  LC  a  =  130.  In  like  manixi  B 
will  throw  out  a^  far  on  the  other  side.  From  840°,  tbe  MB 
of  theie  angles,  take  the  angle  of  the  pallets  95',  and  ihcn 
remains  145  for  the  greatest  vibration  which  tbehifaacc 
can  make  witliout  striking  tbe  froot  of  the  imh.  Tlin  n- 
tent  of  vibration  supposes  tbe  teeth  to  termbnte  in  poinB. 
and  the  acting  lurfaccs  of  the  pallets  to  he  planea  dindid 
to  the  very  axis  of  the  verges  But  the  points  of  tbe  ttcA 
must  be  rounded  off  a  lirtle  for  strength,  and  ro  '*™'™^ 
friction  on  tbe  face  of  tbe  pallets.  Tbts  diminisbes  the  n- 
gle  of  scspement  \«ry  wsidawUy,  bf  sbonating  the  iced 
Monovcr,  we  onist  by  bo  ■•«»  sDonr  dw  pool  of  tbe  pal- 
let t»  bank  or  suike  on  the  funmie  of  a  tooth.  Tlu 
•duU  gmtlj  denrnge  the  Tibntioit  by  the  nolenee  and 
•bnipcness  of  the  check  which  the  wheel  would  gin  to  the 


WATCH- WOB«. 


•Itet.     This  circumstance  makes  it  improper  to  continue 
e  vibrations  much  bej-ond  tlie  angle  of  scapement-     One- 
dof  a  circle,  or  120",  is  therefore  reckoned  a  very  pro- 
Mr  vibration  for  a  ficapcment  made  in  these  proponions. 
9ie  impulse  of  the  wheels,  or  the  angle  uf  scapement,  may 
e  increased  by  making  the  face  of  the  pallets  a  little  C<M1- 
i»e  (preserving  the  same  angle  at  the  centre).     The  vibrRp 
a  may  also  be  widened  by  pushing  the  wheel  nearer  to 
t  verge.     This  would  also  diminish  the  recoiL     Indeed 
9  may  be  entirely  removed  by  bringing  the  front  of  the 
I  up  to  C,  and  making  tlie  face  of  the  pallet  not  a  «^ 
i»  but  parallel  to  a  radius  and  behind  it,  i.  t.  by  placing 
B  pallet  CA  so  that  its  acting  face  may  be  where  its  back 
wjuflt  DOW.     In  this  case,  the  tooth  D  would  drop  on  it  at 
Koentre,  and  lie  there  at  rest,  while  the  balance  comjiJetes 
I  vibration.     But  this  would  moke  the  banking  (as  the 
zalled)  on  the  teeth  almost  luiavoidable.    In  short, 
ker  varying  every  circumstance  in  every  possible  manner, 
ft  best  makers  have  settled  on  a  scapcment  very  nearly  such 
kwc  have  described.     Precise  rules  can  scarcely  be  given ; 
»ufie  the  law  by  which  the  force  acting  on  the  pallets  vo- 
S  in  its  intensity,  deviates  so  widely  from  the  action  (rf  the 
lance  spring,  especially  near  the  limits  of  the  excursions. 
^  The  discoveries  of  Huyghens  and  Newton  in  rational  me- 
inics  engaged  all   the  mathematical  philosof^ers  of  Eu- 
rope in  the  solution  of  mechanical  pniblcms,  about  the  end 
of  the  last  century.    The  vibrationsof  elastic  plalesor  wires, 
and  their  influence  on  watch   balances,  became  familiar  to 
cnry  body.     The  great  refjuisites  for  producing  isochro- 
nous vibrations  were  well  understood,  and  the  artists  were 
prompted  by  the  speculatists  to  attempt  constructions  of 
Bnapements  proper  for  this  purpose.     It  appeared  clearly, 
Bb*t  the  most  eflectual  means  for  this  purpose  was  to  leave 
^be  balance  unconnected  with  the  wheels,  espedally  near  the 
Bptremities  of  the  vibration,  where  the  motion  is  languid, 
^■Dd  where  every  inequality  of  maintiuning  power  must  act 
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for  a  longer  time,  and  therefore  have  a  great  effed  oo  the 
whole  duration  of  the  viltrations.  Tiie  maxim  of  cxmstruc* 
tion  that  naturally  arises  from  these  reSections,  U  to  ca^an, 
if  possible,  the  action  of  the  tcheeh  to  the  middle  of  tAe  diratim, 
where  the  motion  is  rapid,  and  where  the  chief  effect  of  u 
increase  or  diminution  of  the  ra^ntatning  power  will  be  le 
enlarge  or  contract  the  angular  motions,  but  will  make  lit* 
tie  change  on  their  duration;  because  the  greatest  port  of 
the  motion  will  be  efibcted  by  the  balance  spring  alone 
This  maxim  was  inculcated  in  express  terms  bj  John  Ber- 
noulli, iu  his  Heckerches  Meehanvpit*  el  Physiquet  ;  but  it 
had  been  suggi:sted  by  common  sense  lo  severs!  unleUocd 
artists  before  that  time.  About  the  beginning  of  this  ct» 
tury  watches  were  made  in  London,  where  the  verge  had  i 
portion  edb  (Plate  IX.  fig.  2.)  of  a  small  cylinder,  banig 
its  centre  c  in  the  a\is,  and  a  radial  pallet  b  a  procecdii^ 
from  it.  Suppose  a  tooth  just  escaped  trom  the  point  of  the 
pallet,  moving  in  the  direction  bde,  tlie  cylindrical  part  WM 
so  situated  that  the  next  tootli  dropped  on  it  at  a  smalt  dis- 
tance from  its  termination.  While  tlie  verge  continues  tun- 
ing in  the  direction  b  de,  the  tooth  continues  resting  on  tlie 
cylinder,  and  the  balance  sustains  no  action  from  tlie  wheels, 
and  has  only  to  overcome  the  minute  frictions  on  the  polish- 
ed surface  of  a  hard  steel  cylinder.  This  molioD  may  per- 
haps continue  tilt  the  pallet  acquires  the  position  y.  almost 
touching  the  tooth.  It  then  stops,  its  motion  being  extin- 
guished by  the  increasing  force  of  the  spring.  It  now  nv 
turns,  moving  in  the  direction  edA;  and  when  the  pallet 
has  acquired  the  position  c  t,  the  tooth  g  quits  the  circum- 
ference of  the  cylinder,  and  drops  in  on  the  pallet  at  the  vtry 
centre.  The  crooked  form  of  the  tooth  allows  the  paiitt  to 
proceed  still  farther,  before  there  is  any  danger  of  banking 
on  the  tooth.  This  vibration  being  also  ended,  the  balaoot 
resumes  its  first  direction,  and  the  tooth  now  actson  the ^ 
of  ttie  pallet,  and  restores  to  the  balance  all  the  motiun  which 
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I  lucl  loat  by  friction.  Sec.  during  the  two  precedtog  vibra- 

^  It  is  evident  that  this  construction  obviates  all  the  objeo- 
Bona  to  the  former  recoiling  acapement,  and  that,  by  suJIw 
liently  diminishing  the  diameter  of  the  cylindrical  part,  the 
■iction  may  be  reduced  to  a  very  small  quantity,  and  the 
bftlance  be  made  to  move  by  tlie  action  of  the  spring  during 
Ibe  whole  of  the  excursion,  aiid  of  the  returning  vibration. 
Ket  this  construction  does  not  seem  to  have  come  much  to- 
|p  use,  owing,  in  all  probability,  to  tlie  great  difficulty  of 
Viaking  the  drop  so  accurate  in  all  the  teeth.  The  smallest 
ileqaality  in  the  length  of  a  tooth  would  occasion  it  to  drop 
Iponer,  or  later ;  and  if  the  cyhnder  wai  made  very  small,  to 
■kninish  friction,  the  formation  of  the  notch  was  almost  a 
^croacopicol  operation,  and  the  smallest  shake  in  the  axis 
nf  the  verge  or  the  balance-wheet  would  make  the  tooth 
pdip  past  the  cylinder,  and  the  watch  run  down  amain. 
f  About  the  same  time,  a  Frencli  artist  in  London  (then 
^e  school  of  this  art)  formed  another  scjipement,  with  the 
lunc  views.  We  have  not  any  distinct  account  of  it,  hut 
In  only  informed  (In  the  7th  volume  of  the  Madiints  ap- 
proHvees  par  CAcad.  its  Sdenca)  that  the  tooth  rested  on  the 
mirface  of  a  hollow  cylinder,  and  then  escaped  by  acting  on 
fbe  inclined  edge  of  it.  But  we  may  presume  that  it  had 
PKrit,  being  there  told  that  Sir  Isaac  Newton  wore  a  watch 
pf  this  kind. 

^  A  much  superior  sca)>ement,  on  the  same  principle,  was 
invented  by  Mr.  Geo.  Graham,  at  the  same  time  that  he 
plMuiged  the  recoiling  scajiemeut  for  pendulumsinto  the  dead 
■est.  Indeed  it  is  the  same  scajicment,  accommodated  to 
MM  large  vibrations  of  a  balance.  In  Plate  IX.  fig.  3. 
■>£  represents  part  of  the  rim  of  i he  balance-wheel.  A  and 
B  «re  two  of  its  teeth,  having  their  faces  b  e  formed  into 
■luies,  inchncd  to  the  circumference  of  the  wheel,  in  an 
■bgle  of  about  13  degrees  ;  so  that  the  length  be  of  the 
Iksu  nearly  quadruple  of  its  heightem.      Supposeacir- 
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cular  arch  ABC  described  round  the  centre  ofthevlm^  ' 
and  through  the  middle  of  the  faces  of  the  icelh.  Then 
of  the  balance  passes  through  some  potDt  B  of  thUuili.al 
we  may  say  that  the  mean  circumference  of  tbe  ttah  pan  | 
through  the  centre  of  the  verge.  On  this  sxis  is  fixed  ap» 
tion  of  a  thin  hollow  cylinder  6  c  d,  made  of  bard  tempmJ 
■leel,  or  of  some  liard  and  tough  stone,  such  as  nibr  tJimf- 
phire.  Agates,  though  very  bard,  are  brittle.  Chakedaij 
and  cornelian  are  tough,  but  inferior  in  hardness.  Thut^ 
linder  is  so  placed  on  tbe  verge,  that  when  the  baUnce  till 
its  quiescent  position,  the  two  edges  h  and  d  an  in  dw  dt 
comference  which  passes  through  the  points  of  the  UA 
By  this  construction  the  portion  of  the  cylinder  «S  oea^ 
£10^  of  the  circumference,  or  30"  more  than  m  WMUwk. 
The  edge  b,  to  which  tbe  tooth  approaches  fnMB*idKMt,ti 
roundL-d  off  on  both  angles.  The  other  edge  4  B  fcaad 
into  a  plane,  inclined  to  tits  radius  about  90°. 

Now,  suppose  the  wheel  pressed  forward  in  the  £i«iUi 
AC.  The  point  6  of  the  tooth,  touching  the  roundfd  tdgt, 
will  push  il  outwards,  turning  the  balance  nMind  in  tfaednii 
tion  bed.  The  heel  r  of  the  tooth  will  escape  frooi  Ifabolp 
when  it  is  in  the  position  A,  and  e  is  in  the  potataoof.  1W 
paint  b  of  the  tooth  is  now  at  d,  but  the  edge  of  the  ejBalm 
has  now  got  to  t.  The  tooth,  therefore,  rests  on  the  ionde 
of  the  cylinder,  while  tbe  balance  continues  its  vilsMian  ■ 
little  vay,  in  consequence  of  the  shove  which  it  has  raohfi 
frora  the  action  of  the  inclined  plane  pushing  it  out  of  l^t 
way,  as  the  mould-board  of  a  plough  shoves  a  stone  aadt 
When  this  vibration  is  ended,  by  the  oppoeition  of  the  fafr 
laiice-sprii^,  the  balance  returns,  tbe  tooth  (now  in  tfaejMV 
iit'ion  B)  rubbing  bQ  the  while  on  the  inside  of  the  ty^aia. 
The  balance  comes  back  into  its  naiura)  posilioB  bed,  wiib 
an  accelerated  motion,  by  tbe  action  of  its  ^vi^  aod  "oot' 
of  itself,  vibrateas  (ar,  at  least,  on  tbe  other  «!&  Bat  (til 
aid«d  again  by  tbe  tooth,  whicfa,  pres^i^  oa  the  e(Ig«  < 
pushes  it  aside,  till  it  come  into  the  posiuca  k,  vbo  As 
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b  escapes  from  the  cylinder  altogether.  At  this  moment 
■  other  edge  of  the  cylinder  Is  in  the  position  /,  and  thcro- 

k  is  in  Uie  way  of  the  next  looih,  now  in  the  position  A. 

B  balance  continues  its  vibration,  the  tooth  oil  the  while 

■ing,  and  rubbing  on  the  outside  of  the  cylinder.    When 

I  vilwation,  in  tlie  direction  d  c  I,  is  Itniahcd,  llie  balance 
i  its  first  motion  b  c  il,  by  the  action  of  the  spring, 

i  the  tooth  begins  to  act  on  the  hrst  edge  b,  as  soon  as 
ne  balance  gets  into  its  natural  position,  shoves  it  aside, 
escapes  from  it,  and  drops  on  the  inside  of  the  cylinder.  In 
this  manner  are  the  vibrations  produced,  gradually  increas- 
ed to  their  maximum,  and  ninintained  in  that  state.  Every 
succeeding  tooth  of  the  wheel  acts  lii-st  on  the  edge  b,  and 
then  on  the  edge  d;  resting  first  on  the  outside,  and  then 
on  the  inside  of  the  cylinder.  The  balance  is  under  the 
influence  of  the  wheels  while  the  edge  6  passes  lo  h,  and 
while  d  passes  to  k ;  and  ibe  rest  of  the  vibration  is  perfurtn- 
ed  without  any  action  on  tlie  purt  of  the  wheels,  but  is  a 
little  obstructed  by  friction,  and  by  the  clammiiK'ss  of  the 
oil.  In  the  construction  now  described,  the  arch  of  action 
or  scapcment  is  evidently  30",  being  twice  the  angle  which 
the  face  of  a  tooth  makes  with  the  circnrnfeiTnce. 

The  reader  will  perceive,  that  when  this  scapcment  is  exe- 
cuted in  such  a  manner  that  the  succeetling  tooth  is  in  con- 
tact with  the  cyhndor  at  tlic  instant  that  the  preceding  one 
e«iCHpcs  from  it,  the  face  of  the  tooth  must  be  equal  to  the 
inside  diameter  of  the  cylinder,  and  that  the  distance  between 
the  heel  of  one  tooth  and  the  point  of  the  following  one  must 
be  equal  to  the  outside  diameter.  When  the  scapement  is 
so  close  there  is  no  drop.  A  good  artist  approaches  as  near 
lo  this  adjustment  as  possible;  liccause,  while  a  tooth  is 
dropping,  but  not  yet  in  contact,  it  is  not  acting  on  the  ba- 
lance, and  some  force  is  lost.  The  execution  is  accounted 
very  good,  if  the  distance  between  the  centres  of  two  teeth 
|.twice  the  external  diameter  of  the  cyhndcr.     Tiiis  allows 
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a  drop  efjiial  to  the  ttiickncss  of  ibe  cyfioder,  which  \i 
i!,tli  of  iu  diameter. 

We  must  also  explain  how  this  cylinder  is  so  o 
witli  the  verge  as  to  make  such  a  great  rerolutioii  n 
tooth  of  the  wheel.  The  triangular  tooth  r  tma  placed  m 
the  top  ofa  little  pillar  or  pin  6\ed  into  the  -extnaaijil 
the  piece  of  brass  nt  D  formed  on  Uie  rim  of  the  wbai. 
Thits  tite  wedge-tooth  h:is  its  plane  parallel  to  lh«  plaKtf 
the  nheel,  hut  at  a  gmall  diEtancc  above.  Plate  IX.  6g.  Id 
represents  the  verge,  a  long  hollow  cylinder  of  hard  rial 
A  great  portion  of  the  metal  is  cut  out.  If  it  were  iprad 
out  flatf  it  would  have  the  shape  of  Plate  XX.  fig.  it.  Sap- 
pose  this  roiled  up  till  the  edges  GH  and  G'H'  are  joiani, 
and  we  have  the  exact  form.  The  part  acted  ea  bj  Ae 
point  of  the  tooth  is  the  dotted  line  b  d.  The  putBIFE* 
serves  to  connect  the  two  ends.  Thus  tt  appears  to  bti 
very  slender  and  delicate  piece ;  but  being  of  (enipeid 
steel,  it  is  strong  enough  to  resist  tnoderate  jolts.  Tbenb)i 
eylinders  are  much  more  deHcate, 

Such  is  the  cylinder  scapement  of  Mr.  Grahan,  alU 
also  the  hokizontal  scapiiiubmt,  because  tbe  balanoe «lied 
is  parallel  to  the  others.  Let  us  sec  bow  far  it  may  be  tt- 
pected  to  answer  the  intended  purposes.  If  the  cxcninaB 
of  the  balance  beyond  the  angle  of  impulsion  were  raadeib 
together  unconnected  with  the  wheels,  the  vAUt  xAnIM 
would  be  quicker  than  one  of  the  same  extent,  made  by  6t 
action  of  the  balance-spriog  alone,  because  the  middle  pM 
of  it  is  accelerated  by  the  wheels.  But  the  excur^onsM 
obstructed  by  friction  and  the  clammini>«s  of  oi).  Tbect 
feet  of  this  in  iJutriKlinff  the  motioo  is  very  considmblt 
Hr.  Le  Rcnr  placed  tlie  balance  so,  that  it  rested  when  dw 
point  of  the  tooth  was  on  the  middle  of  the  cvlindric  farika 
^Vhen  the  wheel  was  allowed  to  press  aa  it,  and  it  nt 
drawn  SO''  from  this  portion,  it  vibrated  only  daring  H 
seconds.     When  the  wheel  was  oat  allowed  to  touch  the  c^ 
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it  vibrated  *. 
!  friction  on 


seconds,  or  SO  times  as  long  ;  so  much 
cylinder  exceed  that  of  the  pivc 


the 


We  are  not  suflicienlly  acquainted  with  the  laws  of  either  of 
these  obstructions  to  pronounce  decidedly  whether  they  will 
increase  or  diminish  the  lime  of  the  whole  vibrations.  We 
observe  distinctly,  in  motions  with  considerable  friction,  that 
it  does  not  increase  nearly  so  fast  as  the  velocity  of  the  mo- 
tion; nay,  it  is  often  less  when  the  velocity  is  very  great. 
In  all  cases  it  is  observed  to  terminate  motions  abruptly. 
The  friction  requires  a  certain  force  to  overcome  it,  and  if 
the  body  has  any  less  it  will  stop.  Now  this  will  not  only 
contract  the  excursion  of  the  balance,  but  will  shorten  the 
time.  But  the  return  to  the  .ingle  of  impuUion  will  un- 
doubtedly be  of  longer  duration  than  the  cxcur^on;  for 
the  arch  of  return,  from  the  extremity  of  the  excursion  to 
its  beginning,  where  the  angle  of  impulsion  ends,  is  the  same 
with  the  arch  of  excursion.  The  velocity  which  the  balance 
has  in  any  point  of  the  return  is  less  than  what  it  had  in  the 
same  point  of  the  excursion ;  because,  in  the  excursion,  it 
had  velocity  enough  to  carry  it  to  the  extremity,  and  also  to 
overcome  the  friction.  In  the  return,  it  could,  even  without 
friction,  only  have  the  velocity  which  would  have  carried  it 
to  the  estrcmity ;  and  tins  smaller  velocity  is  diminished  by 
friction  during  the  return.  The  velocity  Ixing  less  through 
the  whole  return  than  during  the  excursion,  the  time  must 
be  greater.  It  may  therefore  happen  that  this  retardation 
of  the  return  may  compensate  the  contraction  of  the  excur- 
sion and  the  diminution  of  its  duration.  In  this  case  the 
vibration  will  occupy  the  same  time  as  if  the  balance  had 
been  free  from  the  wheels.  But  it  may  more  than  com- 
pensate, and  the  vibrations  will  then  be  slower;  or  it  may 
not  fully  compensate,  and  they  will  be  quicker.  We  can- 
not therefore  say,  ^  priori,  which  of  the  two  will  hap- 
pen: but  we  may  venture  to  say  that  an  increase  of  the 
force  of  the  wheels  wilt  make  the  watch  go  slower :  for  this 
will  exert  a  greater  pressure,  give  a  greater  impulsion,  pro- 
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duce  a  wider  excuraion,  and  mcrwise  the  fiirtoB  iiUiingM 
greater  cxcnrsion,  ni.tking  the  wide  vibralHHH  i 
the  narroir  ones ;  bccauEe  the  angle  of  impuUmn  r 
the  same,  the  pressures  exerted  imist  be  quadrupled,  in  » 
der  to  double  the  excursion,  aiid  ihcrvfore  the  TnctiMi  wl 
be  increased  in  a  greater  proportion  than  ibe  mnmwftw 
which  is  to  overcome  it.  But,  with  respect  to  the  Dbatrv> 
lion  arising  from  the  viscidity  of  the  ™I,  we  kmow  llatitK 
lows  a  very  difTerenl  law.  It  bears  a  manifest  idstioa  to 
the  velocity,  and  i*  nearly  proportional  to  it.  Bat  m3  kii 
difficult  to  say  how  this  will  affect  the  whole  vihntiaii.  Tfc 
duration  of  the  excursion  will  not  be  so  mtich  caoDlClfa 
as  by  an  equal  obstruction  from  friction,  becau«  it  wiO  ODt 
terminate  the  motion  abruptly.  There  are  therefore  iioie 
chances  of  the  incKased  duration  of  tbc  retnm  eiewdn^ 
the  diminution  of  it  in  the  excursion.  All  that  wettamj, 
therefore,  rs,  th,it  there  will  be  a  compensation  in  bodi  csMi 
The  time  of  excur^on  will  be  contracted,  and  ih^  t/retMi 
augmented 

Now,  as  the  friction  may  be  grcatlT  diminiiihed  bj  Gk 
polish,  fine  oi],  and  3  small  djamcter  of  the  cylinder,  we  mtj 
reasonably  expect  that  the  vihrattons  of  such  a  bahiKCWiH 
not  vary  nearly  so  much  from  isochronkm  as  with  a  mA 
ing  scapcment,  and  will  be  little  aSHrted  by  changes  in  ik 
force  of  the  wheels.  Accordingly,  Graham's  ejBaioai 
scapcment  supplanted  all  others  as  soon  as  it  was  genoalty 
known.  We  cannot  compere  the  Tibrations  with  those  oft 
free  balance,  because  we  ha\e  no  way  nf  making  a  free  hi- 
lance  vibrate  for  some  hours.  But  we  find  'tliat  doub&ng 
or  trebling  the  force  of  the  wheel*  makes  Tary  liltfc  ^tcn- 
lion  in  the  rate  of  the  watch,  though  it  greatly  enlarges  ibt 
angular  motion.  Any  one  tnay  perceive  the  nmnense  so- 
periority  of  this  scapement  over  the  comnKinrectaEi^  scipfr- 
ment,  by  pressing  forward  the  movement  of  a  bmhuMi 
watch  with  the  key,  or  by  keeping  it  back.  No  great  dwft 
can  be  observed  in  the  frequency  of  the  beats,  however  htri 
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we  press.  But  a  more  careful  examinauon  shews  that  an  in- 
crease  of  the  power  of  the  wheels  generally  causes  the  watcli 
to  go  slower ;  and  that  this  is  more  remarkable  as  the  watch 
has  beea  long  going  without  being  cleaned.  This  shews  that 
Uie  cause  is  to  be  ascribed  to  the  friction  and  oil  operating 
OD  the  wide  arches  of  excur^on.  But  when  this  scapement 
is  well  executed.  In  the  best  proportions  of  the  parts,  the 
peiformance  is  extremely  good  We  know  such  watches, 
Trhich  have  continued  for  several  weeks  iviihout  ever  vary- 
ing more  than  7"  in  one  day  from  equable  motion.  We 
have  seen  one  whose  cylinder  was  not  concentric  with  the 
balance,  but  so  placed  on  the  verge  that  the  axis  of  the  verge 
was  at  o  (Plate  IX.  fi^.  3),  between  tlie  centre  fiofthe 
cylinder  and  the  entering  edge  b,  and  B  e  was  equal  to  the 
thickness  of  the  cylinder.  The  watch  was  made  by  Emery 
of  London,  and  was  said  to  go  with  astonishing  regularity, 
80  as  to  equal  any  timc-ptece  while  the  temperature  of  ihe 
air  did  not  vary  ;  and  when  clean,  was  said  to  be  less  affect- 
ed by  the  temperature  than  a  watch  with  a  free  scapement, 
but  unprovided  with  a  compensation  piece.  It  is  evident 
(hat  this  watch  must  have  a  minute  recoil.  This  was  sitid 
to  be  the  aim  of  the  artist,  in  order  to  compensate  for  the 
obstruction  caused  by  friction  during  the  return  of  the  bo- 
knce  from  its  excursions.  It  indeed  promises  to  have  this 
effect ;  but  we  should  fear  that  it  subjects  the  excursions  to 
the  influence  of  the  wheels.  We  suspect  that  the  indiffer- 
ent performance  of  cylinder  watches  may  often  arise  from 
the  cylinder  being  off  the  centre  in  some  disadvantageous 
manner. 

The  watch  from  which  the  proportions  here  stated  were 
taken,  is  a  very  fine  one  made  by  Graham  for  Archibald 
Duke  of  Argyle,  which  has  kept  lime  with  the  regularity 
now  mentioned.  We  believe  that  there  are  but  few  watches 
wUch  have  so  large  a  portion  of  the  cyl'mder  :  few  indeed 
have  more  than  one  half,  or  1 80°  of  the  circumference.  But 
this  is  too  little.     The  tooth  of  the  wheel  does  not  begin  li 
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act  on  the  resting  cylinder  liU  itsmiddle  point  AvBH 
one  of  the  edges.  To  obtain  the  same  angle  of  u 
ihc  inclination  of  the  face  of  itie  tooth  must,  be  ii 
must  be  doubled) ;  and  this  requires  the  muDI 
to  be  iocreased  in  the  same  proportion.  BeadASt  io  ndl 
a  Bcapement  it  may  happen  that  the  tooth  will  never  rot  n 
the  cyhnder;  because  the  instant  that  it  quits  one  njgen 
falls  on  the  other,  and  pushes  it  aside,  so  that  the  babna 
acquires  no  wider  vibration  than  the  angle  of  scapcmeDt,  ud 
is  continually  under  the  influence  of  the  wheeU.  The  cere- 
ment is  in  its  best  state  when  the  portion  of  the  cylmdcr  ex- 
ceeds 180°  by  twice  the  inclination  of  the  teeth  to  tbe  dr> 
cumfercnce  of  the  wheel. 

It  would  employ  volumes  to  describe  all  the  it 
which  hace  been  contrived  by  different  artists, « 
same  points  which  Graham  had  in  view.  We  shall  oolj 
take  notice  of  such  as  have  some  essential  diSerencetD  pift* 
ciple. 

Plate  IX.  fig.  4.  represents  a  scapement  ioTaitod  ■ 
France,  and  called  the  Echappement  i  Virgci^,  becauH  the 
pallet  resembles  a  comma.  The  teeth  A,  B^  C,  of  the  b- 
lance  wheel  are  set  very  oblique  to  the  radius,  and  tbeteis 
formed  on  the  point  of  each  a  pin,  standing  up  perpeniliea- 
lar  to  the  plane  of  the  wheel  This  greatly  resembles  die 
wheel  of  Graham's  scapement,  when  the  triangtilar  wedge 
is  cut  off  from  the  top  of  the  pin  on  which  it  stands.  Tbi 
aus  c  of  the  verge  is  placed  in  the  clrcumfereooe  pun^K 
through  the  pins.  The  pallet  is  a  plate  of  bard  steel «  t/ 
i  bf  having  its  plane  parallel  to  the  plane  of  the  wbed.  TW 
inner  edge  of  this  plate  is  formed  into  a  ctxicave  cjlindiiei] 
surface  between  o  and  b,  whose  oxi^  c  coincides  with  theua 
of  tlie  verge.  Adjoining  tolhi^is  the  acting  face  &  dot  At 
palleL  Thb  is  either  a  straight  line  b  d,  making  an  tagk 
of  nearly  30°  with  a  line  tbg  drawn  from  the  centre,  or  it 
IS  more  generally  curved,  accord'uig  to  the  noatnim  of  Ik 
artist.     The  back  of  the  pallet  at/js  also  a  cybodtkal  sut- 
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5  (convex)  concentric  with   the  other.     This  extends 

lout  100°  from  a  lo  /.      Tlie  pari  between  /and  d  may 

Ave  any  shape.     The  interval  ao  is  formed  into  a  convex 

Bucli  a  manner  as  to  be  every  where  iniersecled 

f  the  radius  in  an  anf^ie  of  30°  nearly  ;  i.  e.  it  is  a  portion 

fan  equiangular  spiral.     Tlie  whole  of  this  is  ainnectetl 

jlth  tlie  verge  by  a  crank,  which  passes  perpendicularly 

>ugh  it  between/ and  e;    and  the  plate  is  bet  at  audi 

Ight  on  the  crank  or  verge,  that  it  can  turn  round  clear 

■.ihe  wheel,  but  not  clear  of  the  pins.     The  teeth  of  the 

neel  are  set  so  obliquely,  and  made  so  slender,  that  tbe 

'  may   turn  almost  quite  round  without  the  crank's 

Biking  on  the  teeth.     The  part /(f  6,  called  the  bona,  is 

I  such  a  length,  that  when  one  pin  B  rests  on  the  outside 

Glider  at  a,  the  point  d  is  just  clear  of  the  next  pin  A. 

p  When  the  wheel  is  not  acting,  and  the  balance  spring  is 

I  equihbrio,  the  position  of  the  balance  is  such  that  the 

^nt  d  of  the  horn  is  near  i,  about  SO''  from  d.    The  6gure 

resents  it  in  the  pojitiun  which  it  has  when  Ihe  tooth  A 

■  just  escaped  from  the  point  d  of  the  born.     In  this  poK 

ion  the  next  tooth  B  is  applied  to  the  convex  cylinder,  a 

r  little  way  (about  5'")  from  its  extremity  a.     This  de- 

Hption  will  enable  the  reader  to  understand  the  operation 

■  the  virgule  scapement. 

"Now  suppose  the  pin  A  just  escaped  from  the  horn.    The 

iding  pin  fi  is  now  in  contact  with  the  bock  of  the  cy> 

i  and  the  balance,  having  gut  an  impulse  by  the  ao- 

a  of  A  along  the  concave  pallet  b  d,  continues  its  motion 

ftthe  direction  d  g  k,  till  its  force  is  spent,  the  point  of  the 

D  arriving  perhaps  at  h,  more  than  90'  from  d.     All  this 

■ile  tlie  following  tooth  B  is  resting  on  the  back  e/ of  the 

^nder.     The  balance  now  returns,  by  tlie  acUon  of  its 

ing;    and  when  the  horn  is  at  i,  the  pin  gets  over  the 

id  drops  on  the  opposite  side  of  the  concave  cy- 

ler,  where  it  rests,  while  the  horn  moves  from  i  to  A, 

e  it  stops,  the  force  of  the  balance  being  again  spent. 

■iv 


594  WATca-woBf. 

The  balance  then  returns ;  and  wben  the  horn  con 
in  30°  of  d,  the  pin  gets  out  of  ttie  faoUow  cyliod«f, 
the  horn  out  of  its  way.  and  escapes  at  d.  BesidM  the  i» 
pulse  which  the  balance  rectdves  by  the  actioa  of  the  wtiol 
on  the  horn  b  d,  lliere  i«  anothor,  though  smaller,  utienii 
the  contrary  direction,  while  the  pront  of  B  passes  mnlhi 
surface  a  o;  for  this  surface  being  inclin^  to  the  ndi^ 
the  pressure  on  it  urges  the  balance  round  in  the  diracin 
kdt. 

The  chief  difference  of  this  scapement  from  the  fanner  a 
that  the  inclined  plane  is  taken  from  the  teeth  of  ibe  wM, 
and  pliiced  on  the  verge.  This  alone  is  a  consdenlili  is* 
provement ;  for  ii  is  difficult  to  shape  all  the  teetb  aRka; 
whereas  the  horn  &  </  is  invariable.  Moreover,  tfae  iMtkig 
part£,  although  they  be  drawn  large  in  this  figure  6*  die 
sake  of  distinctness,  may  be  made  vastly  amaller  ibn 
Graham's  cylinder,  which  must  be  big  enough  to  bold  k 
tooth  within  it.  By  this  change,  the  fnction,  duiB^  (b 
repose  of  the  wheel,  that  is,  during  the  exeurgions  of  tbebt> 
laace,  may  be  vastly  diminished.  The  inside  «^linder  nad 
be  no  bigger  than  to  receive  the  pin.  But  although  Ibepi^ 
formaiice  of  these  scapements  is  excellent,  they  hare  Ht 
come  into  genera!  use  in  this  country.  The  cause  sceiiili 
be  the  great  nicety  requisite  in  making  the  pins  of  the  «hed 
pass  exactly  through  the  aitis  ol'  the  verge.  The  least  thib 
in  the  pivots  of  the  balance  and  bnlonce-wheel  must  gnUij 
change  the  action.  A  very  tninule  increase  of  distance  l>- 
tween  the  pivots  will  cause  (he  pin  B  to  slide  from  the  edgt 
a  to  the  horn,  without  resting  at  all  on  the  inside  cyhndtr; 
and  when  it  does  so,  it  will  stop  the  balance  at  once,  aai, 
immediately  after,  the  watch  wiU  run  down.  The  ant 
irregularities  will  happen  If  all  the  pins  be  not  at  preaaij 
the  same  distance  from  the  axis  of  the  wheel. 

This  scapement  was  greatly  improved,  and,  in  appiir 
ance,  totally  changed,  by  Mr.  Lepaute  of  Paris  in  iTtt 
By  placiBg  the  pins  alternately  on  thetwo  sides  of  the  ria 
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^Hrtlie  balance-wheel,  he  avoided  the  use  of  the  outside  cy- 
^^■der  alto([eiher.  The  scapemint  is  of  such  a  singulir  form, 
^H|K  it  is  noi  easy  to  reprewnl  it  by  any  drawing.  \Vc 
^^■dl  endeavour,  however,  to  describe  it  in  such  a  manner 
^^B  that  our  readers,  whu  are  not  artists,  will  understand  its 
^^Moner  of  acting.  ArtiNtshy  profcsEion  will  easily  com pre- 
^Hnd  how  the  parts  may  be  united  which  we  represent  as 
^Bpunte. 

^^UJet  ABC  (Plate  IX.  (ig.  5  )  represent  part  of  the  nm  of 
^^b  balance-wheel,  having  the  pins  ],2,  3,  4,  5,  &c.project- 
^H^  from  its  faces  ;  the  pins,  I,  3,  5,  being  on  the  Aide  next 
the  eye,  but  the  pins  2  and  4  on  the  farther  »de.  D  is  the 
centre  of  tile  balance  and  verge,  and  the  small  circle  round 
D  represents  its  thickness.  But  the  verge  in  this  place  is 
crooked,  like  a  crank,  that  the  rim  of  the  wheel  may  not  be 
interrupied  by  it.  This  will  be  more  particularly  describ- 
ed by  and  bye  There  is  attached  to  it  a  piece  of  hard  tem- 
pered steel  a  b  c  d,of  which  the  part  a  £  c  is  a  concave  arch 
ore  circle,  having  D  for  its  centre.  It  wants  about  30°  of 
a  semicircle.  The  rest  of  it  c  (J  is  also  an  arch  of  a  circle, 
hsTing  the  same  radius  with  the  balance-wheel.  The  natu- 
ral position  of  the  balance  is  such,  that  a  line  drawn  from 
D,  through  the  middle  of  the  face  c  ij,  is  a  tangent  to  the 
drcuniference  of  the  wheel.  But,  suppose  the  balance  turn- 
ed round  till  the  point  d  of  the  bom  cornea  to  d',  and  the 
point  c  conies  to  2,  in  the  circumference  in  which  the  pins 
are  placed.  Then  the  pin,  pressing  on  the  beginning  of  the 
horn  or  pallet,  pushes  it  aside,  slides  along  it.  and  escapes 
at  d,  after  having  generated  a  certain  velocity  in  the  ba- 
lance. So  far  this  scapement  is  like  the  virgule  scapement 
dDscribed  already.  But  now  let  another  pallet,  similar  to 
the  one  now  described,  be  placed  on  the  other  side  of  the 
wheel,  but  in  a  contrary  position,  with  the  acting  face  of 
the  pallet  turned  away  from  the  centie  of  the  wheel.  Let 
it  be  so  placed  at  £,  that  the  moment  that  the  pin  1,  on  the 
upper  side  of  the  wheel,  escapes  from  the  pallet  c  d,  the  pin 
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4,  on  the  under  side  of  the  wheel,  falls  on  the  ead  i 
circular  arch  rfg  of  the  other  pallet  Let  Ihe  i«| 
lets  be  connected  by  means  of  equal  pulleys  G  andT 
the  axis  of  each,  and  a  thread  round  both,  so  that  they  4 
turn  one  way.  The  balance  on  the  axis  D,  having  gffltai 
an  impulse  from  the  action  of  the  pin  1,  will  continur  ili 
motion  from  A  towards  t,  and  will  carry  the  other  pdltl 
%Tith  a  similar  motion  round  the  centre  K  from  k  tuwinJt  t 
The  pin  4  will  therefore  rest  on  the  concave  arch  gfi  mi 
the  pnilel  turns  round.  When  the  force  of  the  bajancr  a 
spnt,  the  pallet  c  d  returns  towards  its  first  position.  Tbe 
pallet^  k  turns  along  with  it ;  and  when  the  poini  itf  thf 
first  has  arrived  at  d,  the  beginning^  of  the  other  urivts al 
the  pin  4 ;  and,  proceeding  a  little  farther,  this  pin  cKape* 
from  the  concave  arch  efg,  and  slides  along  the  pallet  g  i, 
pushing  it  aside,  and  therefore  urging  the  pallet  round  the 
centre  E,  and  consequently  (by  means  of  the  conoectioDd' 
the  pulleys)  urging  the  balance  on  the  axis  D  round  at  tile 
same  time,  and  in  the  same  direction.  The  pin  4  esapa 
from  the  pallet  g  h,  when  A  arrives  at  3 ;  but  in  the  liw 
that  the  pin  4  was  sliding  along  the  yielding  pallei  g  h,  ibt 
pin  3  is  moving  in  the  circumference  BDA  ;  and  the  in- 
stant that  the  pin  4  escapes  from  A  at  3,  the  pin  3  arrimu 
2,  and  finds  the  beginning  p  of  the  concave  arch  e  &a  naif 
to  receive  it.  I(  therefore  rests  on  this  arch,  while  theh 
lance  continues  its  motion.  This  perhaps  continues  li 
point  b  of  the  arch  comes  to  2.  The  balance  now  Mof 
force  being  sjwnt,  and  then  returns ;  and  the  pin 
from  the  circle  at  c,  slides  along  the  yielding  pallet  ri,i 
when  it  escapes  at  I,  another  pin  on  the  under  bide  of  Ih 
wheel  arrives  at  4,  and  finds  the  arch  g^e  ready  to  n 
it.  And  in  this  manner  will  the  vibration  of  the  balac 
condnued. 

This  description  of  the  mode  of  action  at  the  s 
points  out  the  dimensions  which  must  be  given  >o  the  a 
■tf  the  pallet.      The  length  of  the  pallet  cdm  gh  motf  h 
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pjEil  to  the  interva]  between  two  succeeding  pias,  and  the 
tance  of  the  centres  1>  and  li^  must  be  double  of  Lliis. 
Sie  radius  D  e  or  E  g  may  be  as  smalt  as  we  please.  The 
Kicave  arches  c  lia  and  g/^t  must  beconUnued  far  enough 
It  keep  a  pin  resting  on  ihem  during  the  whole  excursion 
of  the  balance.  The  angle  of  scapemeni,  in  which  the  ba- 
lance is  under  the  influence  uf  the  whrals,  is  had  by  draw- 
ing D  e  and  D  d.  This  angle  cDd'is  about  30^,  but  may 
be  made  greater  or  less. 

Plate  IX.  Fig.  11.  will  give  some  notioD  how  the  two 
pallets  may  be  combined  on  one  verge.  EL  represents  the 
verge  with  a  pivot  at  each  end.  It  is  bent  into  a  crank 
MNO,  to  admit  the  balance  wheel  between  its  branches,  BC 
represents  this  wheel  seen  edgewise,  with  its  pins,  alternately 
on  different  sides.  The  pallets  are  also  represented  edge- 
wise by  b  c  (I  and  h  gf,  Jixed  to  the  in^dc  of  the  branches 
of  Uie  crank,  fronting  eacli  other.  The  position  of  their 
acting  faces  may  be  seen  in  the  preceding  figure,  on  the 
verge  D,  where  the  pallet  ^AbrepresentetJ  by  the  dotted  line 
2  t,  as  being  situated  behind  the  pallet  c  d.  The  remote 
pallet  3  I  is  placed  so,  that  when  the  point  (f  of  (he  near  paU 
let  is  just  quitted  hy  a  pin  1  on  the  upper  stile  uf  the  wheel, 
the  angle  formed  by  the  face  and  the  arch  of  rest  of  the  other 
pallet  is  just  ready  to  receive  the  next  pin  2,  which  lies  on 
the  under  side  of  the  rim.  A  httle  utlention  will  make  it 
plain,  that  the  action  will  be  precisely  the  same  as  when  the 
pallets  were  on  separate  axes.  The  pin  1  escapes  from  d, 
and  the  pin  3  is  received  on  the  ardi  uf  rest,  and  lucks 
the  wheel  while  ihehuiance  is  continuing  its  motion.  When 
it  returns,  3  gets  off  the  arch  of  rest,  pushes  aside  the  pallet 
Hi,  escapes  from  it  when  i gets  to  1,  and  then  the  pin  3  finds 
the  point  c  ready  to  to  receive  it,  &c.  The  vibrations  may 
be  increased  by  giving  a  sufficient  impulse  through  the  angle 
of  Bcapement.  But  they  cannot  be  more  than  a  certain  quan- 
tity, otherwise  the  lop  N  of  the  crank  will  strike  the  rim  of 
the  wheel.  By  placing  the  ptns  at  the  very  edge  of  the  wheel, 
the  vibrations  may  easily'  be  Increased  to  a  semicircle.     Bjr 
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placing  them  at  the  points  of  long  teeth,  the  crank  mi;  p^ 
in  between  them,  and  the  Tibrations  extended  &till  fai^, 
perhaps  loatO^. 

This  scapement  is  unquestionabljr  a  very  S"^  one;  nd 
when  eqtially  well  executed,  should  excel  Grahain'4  bntli  b^ 
having  but  two  acting  faces  to  form  (and  these  of  hard  «cri 
or  ol'  stone),  and  by  allowing  us  to  make  the  atdc  of  m 
exceedingly  small  without  diminishing  the  acting ftcrflfAi 
pallet.  This  will  greatly  diminiah  the  friction  and  l]i«id» 
ence  of  oil.  But,  on  the  oilier  hand,  we  apprehend  thttii 
is  of  very  diflicult  execution.  The  tigure  cf  the  pdlM,iB 
a  manner  that  shall  be  susceptible  of  adjustment  ■allnflMl^ 
al  for  repair,  and  yet  sufficiently  accurate  and  stadytMMB 
to  us  a  very  delicate  job. 

Mr.  Cnmming,  10  his  Elements  of  Clock  and  WatdMrak, 
describes  (slightly)  pallets  of  the  very  same  conttracbo^ 
making  what  he  conceives  to  be  considerable  improretDoa 
in  the  form  of  the  acting  faces  and  the  curm  of  rtsL  tk 
has  also  made  some  watches  with  this  scaperaeni  t  but  ihn 
were  so  difficult,  that  few  workmen  can  be  found  fit  Ibribt 
task  i  and  they  are  exceedingly  delicate,  and  apt  tn  be  put 
out  of'  order.  The  connection  of  the  pallets  with  each  etbc, 
and  with  the  verge,  makes  the  whole  such  acontoncd^nn, 
that  it  is  easily  bent  and  twisted  by  any  jolt  or  uiukim 
handhng. 

There  remains  another  scapement  of  thia  kind,  htnn^ 
the  tooth  of  the  balance-wheel  resting  on  a  cylindrical  Kti- 
face  on  the  axis  or  the  verge  during  the  excursions  of  the  hfr 
lance  beyond  the  angle  of  scapement,  and  which  ABm 
somewhat  in  the  applicaliun  of  the  maintainiitg  power  fna 
alt  titose  already  described. 

This  is  known  by  the  name  of  the  Dtiplex  teapamnU,  ui 
is  as  follows  :  Plate  1 X.  fig-l  J  represents  the  ewenliil  pm 
grcady  magnified.  AD  is  a  portion  of  the  balatiee-wbol, 
having  teeth/  b,  g,  at  the  drcumfcreDce.  Th«ir  tetih  m 
entirely  for  producing  the  rcsl  of  (he  whcd,  while  (br  b* 
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lance  is  making  excursions  beyond  the  scapcment.  Thia 
IB  effected  by  means  of  an  agate  cylinder  o  pg,on  the  verge. 
Tbis  cylinder  has  a  notdi  o.  When  the  cylinder  turns 
round  in  the  direction  o}it{,  the  notch  easily  passes  the  tooth 
B  which  ia  resting  on  the  cylindric  surface  ;  but  when  it  re- 
turns in  the  direction  i/p  o,  the  tooth  B  gets  into  the  OOtcb, 
and  follows  it,  pressing  on  one  side  of  it  till  the  notch  comes 
iiito  the  position  o.  The  tooth,  being  then  in  the  position 
b,  escapes  from  the  notch,  and  another  tooth  drops  on  the 
convex  surface  of  the  cylinder  at  B. 

The  balance-wheel  in  also  furnished  with  a  set  of  stout 
flaUsided  pins,  standing  upright  on  its  rim,  as  represented 
by  a,  D.  There  is  also  fixed  on  the  verge  a  larger  cylinder 
GFC  above  the  smaller  one  o  p  7,  with  its  under  surface 
clear  of  the  wheel,  and  having  a  pallet  C,  of  ruby  or  sap- 
[diire,  Jirmly  indented  into  it,  and  projecting  so  far  as  just  to 
keep  clear  of  the  pins  on  the  wheel.  The  position  of  this 
cylinder,  with  respect  to  the  smaller  one  below  it,  is  such 
fh^  wben  the  tooth  b  is  escaped  Irom  the  notch,  the  pallet 
C  has  just  passed  the  pin  a,  which  was  at  A  while  B  rested 
OD  the  small  cylinder ;  but  it  moved  from  A  to  a,  while  B 
awred  to  6,  The  wheel  being  now  at  liberty,  the  pin  a  ex- 
«rts  its  pressure  on  the  pallet  C  In  the  most  direct  and  ad* 
vsntageous  manner,  and  gives  it  a  strong  impulsion,  follow- 
tog  and  accelerating  it  till  another  tooth  slops  on  the  little 
cylinder.  The  angle  of  scapement  drpetids  partly  on  the 
projection  of  the  pallet,  and  partly  on  the  dlimieter  of  the 
HDatl  cylinder  and  the  advance  of  the  tooth  B  into  tlie  notch. 
Independent  of  the  action  on  the  small  cylinder,  the  angle 
of  acapement  would  be  the  whole  arch  of  the  large  cylinder 
between  C  and  k.  But  a  stops  before  it  is  clear  of  the  pai- 
lel,  end  the  arch  of  impulsion  is  shortened  by  all  the  space 
that  is  described  by  the  j»n  while  a  tooth  moves  from  B  to 
b.     It  stops  at  if. 

We  are  informed  by  the  best  artists,  that  this  scapement 
gives  great  Eatisiiution,  and  equals,  if  it   do   not   excel. 
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Graham's  cylindrical  scapemenl.  It  is  easier  made,  nA  t^ 
quires  very  little  oil  on  the  small  cylinder,  and  none  al  iB 
OH  the  pallet  They  say  thut  it  is  the  best  for  pocket  waxdnn, 
and  is  cominf;  every  day  more  into  repute.  Theory  sKCm 
to  accord  willi  this  character.  The  reiting  cylinder tuajbE 
made  very  small,  and  the  direct  impulse  on  the  pallet  gito 
it  a  great  superiority  over  all  those  already  described,  where 
the  action  on  the  pallet  is  obhque,  and  therefore  much  fora 
is  lost  by  the  iufiuence  of  oil.  But  we  fear  that  iiradi  forw 
is  lost  by  the  tooth  B  shifting  its  place,  and  thus  shortening 
the  arch  of  impulsion ;  for  we  cannot  reckon  much  oo  liie 
action  of  B  on  the  side  of  the  notch,  because  the  lever  is  so 
extremely  short.  Accordingly,  all  the  watches  which  we  lu»e 
seen  of  this  kind  have  a  very  strong  ntain  spring  in  propoilioQ 
to  the  size  and  vibration  of  the  balance.  If  we  lessen  this  di- 
minution of  the  angle  of  impulsion,  by  lessening  the  cjlin- 
der  opq,  and  by  not  allowing  B  to  penetrate  far  into  the 
notch,  the  smallest  inequality  of  the  teeth,  or  shake  in  the 
pivots  of  the  balance  or  wheel,  will  cause  irregularity,  ud 
even  uncertainties  in  the  locking  and  unlocking  the  whed 
by  this  cylinder. 

A  scapement  exceedingly  like  this  was  applied  long  tgt 
by  Dutertre,  a  French  artist,  to  a  pendulum.  The  only 
difierence  is,  that  in  the  pendulum  scapement  the  small  cy- 
linder in  cut  through  to  the  centre,  half  of  it  only  bang 
left;  but  the  pendulum  scapement  gives  a  more  effceiive 
employment  of  the  maintaining  power,  because  the  wbed 
acts  on  the  pallet  during  the  tehok  of  the  assisted  vibratioi). 
In  a  balance  scapement,  if  we  attempt  to  diminish  the  ineffi- 
cient motion  of  tlie  pin  from  A  to  a,  by  lessening  the  dii- 
meter  of  the  small  cylinder,  the  hold  given  to  the  toodi  in 
the  notch  will  be  so  trifling,  that  the  tooth  will  be  thrown 
out  by  the  smallest  play  in  the  pivot  holes,  or  inequality  in 
the  length  of  the  teeth. 

With  this  we  conclude  our  account  of  wapements,  mben 
the  action  of  tiie  maiulaining  power  on  the  tialuKe  is  tu>- 


^V  WATCH-WOBK.  601 

^kended  during  ihe  excursion  beyond  the  angle  of  impiilBian, 
^■v  making  a  tooth  rest  on  the  surlacc  ol'a  small  concentric 
^b^nder.  In  such  scapements,  the  halance,  during  ils  ex- 
^bt^onS)  is  almost  tree  from  uny  connection  with  the  wheels^ 
Hpd  its  isuchronii<m  is  disturbed  by  nothing  but  the  friction 
^k  this  surface  — We  come  now  to  scapements  of  mort  ait- 
^U  construction,  in  which  the  balance  is  really  and  complete* 
■^  free  during  the  whole  of  its  excursion,  being  altogether 
^fceugaged  from  the  wheel-work.  These  are  caiicd  DE- 
^KfiCHt&i)  scAPEMKNTs.  They  are  of  more  recent  date.  We 
^BpIieveihatMr.  LeRoi  was  the  first  inventor  of  them,  about 
Hpe  year  1748.  In  the  memoirs  of  the  Academy  of  Paris 
Hbr  that  year,  and  in  the  Collection  of  approved  Machines 
^hd  Inventions,  we  have  descriptions  of  the  contrivance. 
^Ebe  balance  wheel  rests  on  a  detent,  while  the  balance  ia  vi- 
Htating  in  perfect  freedom.  It  has  a  pallet  standing  out 
^BDm  the  centre,  which,  in  the  course  of  vibration,  passes 
^■pee  by  the  point  of  a  tooth  of  the  wheel.  At  that  instant 
■^|uii,  connected  with  this  pallet,  withdraws  the  detent  from 
^Be  wheel,  and  the  tooth  just  now  mentioned  follows  the 
^■lillet  with  rapidity,  and  gives  it  a  smart  push  forward.  Im- 
^■Kdiately  after,  another  tooth  of  the  wheel  meets  the  other 
^Bbw  of  the  detent,  and  the  wheel  is  again  locked.  Wheo 
^Be  balance  returns,  the  pin  pushes  the  detent  back  into 
^b  former  place,  where  it  again  locks  the  wheel.  Then  the 
^■■laQce,  resuming  its  first  direction,  unlocks  the  wheel,  and 
KKeives  another  impulsion  fi-ora  it.  Thus  the  balance  is  uu- 
HoBnected  with  tlie  wheels,  except  while  it  gets  the  impul- 
^lion,  and  at  the  moments  of  unlocking  the  wheels. 

This  contrivance  has  been  reduced  to  the  greatest  possi- 
ble simplicity  by  the  British  artists,  and  seems  u:arcely  ca- 
pable of  farther  improvement.  The  following  is  one  of  the 
roost  approved  constructions.  In  Plate  IX.  ^g.  1.  a  b  c 
represents  the  pallet,  which  Is  a  cylinder  of  bard  steel  or 
tone,  having  a  notch  ab.  A  portion  of  the  balance-wheel 
vacated  by  AU.    It  is  placed  so  near  to  the  cylinder, 
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that  the  cylinder  is  no  more  than  clear  of  two  adjaumig  twdi 
DE  is  u  long  spring*  so  fixed  to  the  watch-|iUtt  at  E,  a  (t 
press  very  gently  on  the  atop  pin  G.  A  small  atud  F  is  fil- 
ed tothat  side  of  the  spring  that  is  next  t«  the  wheel,  Thi 
tooth  of  the  wheel  rests  on  this  stud,  in  such  a  manner  tlM 
the  tooth  a  i&  just  about  totoudi  thecyUnder,  and  thetocA 
yis  just  clear  of  it.  Another  spring,  extremely  slender,  it 
attached  to  the  spring  DE,  on  the  side  next  the  balance' 
wheel,  and  claps  close  lo  it,  but  keeping  clear  of  the  *lud  F, 
and  having  its  point  o  projecting  about  -^th  of  an  imii  be- 
yond its  extremity.  When  the  point  a  is  pressed  lowndt 
the  wheel,  it  yields  most  readily ;  but,  when  pressed  in  the 
opposite  direction,  it  carries  the  spring  DE  along  with  it 
The  cylinder  being  so  placed  on  the  verge  that  the  edge  a 
of  the  notch  is  close  by  the  tooth  a,  a  hole  is  drilled  at  ^ 
close  by  the  projecting  point  of  the  slei>der  spring,  and  ■ 
small  pin  is  driven  into  tiijs  hole.  This  is  the  whole  appa- 
ratus ;  and  this  situation  of  the  parts  corresponds  to  tlie 
quiescent  position  of  the  balance, 

Now,  let  the  balance  be  turned  out  of  tliis  position  80  or 
90  degrees,  in  the  direction  a  be.  When  it  is  let  go,  it  r& 
turns  to  this  position  with  an  accelerated  motion.  The  pin 
■  strikes  on  the  projecting  point  of  the  slender  spring,  uid, 
pressing  the  strong  spring  DE  outward  from  the  whed, 
withdraws  the  stud  F  from  the  tooth ;  and  thus  unlocbthe 
wheel.  The  tooth  a  engages  in  the  notch,  and  urges  rouiid 
the  balance.  The  pin  ■  quits  the  slender  spring  before  tlit 
tooth  quits  the  notch  ;  so  that  when  it  is  clear  of  the  paJkt, 
the  wheel  is  locked  again  on  the  stud  P,  and  another  tootb 
g  is  now  in  the  place  of  a,  ready  to  act  in  the  same  manna. 
When  the  force  of  the  balance  is  spent,  it  stops,  and  then  re- 
turns toward  its  quiescent  position  with  a  motion  continiuE- 
iy  accelerated.  Tlie  pin  t  arives  at  the  point  o  of  the  slen- 
der spring,  raises  it  from  the  strong  spring  without  disttitb- 
jiig  the  latter,  and  almost  without  being  disturbed  by  thti 
trifling  obstacle ;  and  it  goes  on,  turaiog  in  the  ditccboo 


A  through  ibe  vJUt  motioa  uf  the  wheel.  No 
noliaa  i>  loGti  as  to  Diq^ckx't  M^miHiit,  b^  the 
nl  spfmMch  of  the  tooth  ta  its  acbTe  poiitioa.  Very 
e  is  required  fiv  unlDcking  the  vbed,  beausc  the 
;  DPE  IS  Enade  sWoder  it  the  reaote  end  E,  so  ihM  it 
m  round  E  klmost  hke  a  lever  turning  on  pivots.  A  sad- 
■  twitch  of  the  watch,  in  the  directkn  b  m,  m^bt  «huMe  lo 
It  the  wheel.  But  tbu  will  only  derange  one  vibm- 
vfv  that  not  considerdblj,  beeuue  the  teeth  nre 
•  doae  to  the  cvlinder  that  die  w4ieel  cmnot  advance  tHI 
b  roues  round  to  tbe  place  erf"  acapeoeni.  A  toalh 
U  oononue  pressing  on  tbe  cvlinder,  and  by  its  IVietion 
II  change  a  little  the  esteot  and  duratiou  oTa  single  vibra- 
The  greatest  derangement  will  happen  if  the  wheel 
pabootd  thus  unlock  by  a  jolt,  white  (he  notch  passes  tliraugh 
e  arcb  of  scapement  in  the  returning  vibration.  Even  this 
kmll  not  greatly  derange  it,  when  die  watch  is  clean  and  vt- 
ktnliog  wide;  because,  in  this  poeition,  the  balance  has  its 
i  greatest  momentum,  and  the  direction  of  the  only  jolt  that 
1  unlock  tbe  wheel  tends  to  incratse  this  mmneiiluni  r^- 
\  btively.  In  short,  considering  it  theoretical! r,  it  seems  an 
t  perfect  scapement ;  and  the  performance  of  many  of 
r  these  watches  abundantly  confirms  that  opinion.  They  are 
Knm  to  keep  time  for  many  days  toother,  witlraut  %'ary- 
g  ooe  second  frnn  day  to  day ;  and  this  even  under  coi>- 
^  adnable  variatttms  of  the  maintainin)^  power.  Other  d»- 
^  lacbed  scapements  may  equal  this,  but  we  scarcely  expect 
f  Vny  to  exceed  it ;  and  its  simplidty  is  so  much  superior  to 
my  that  we  have  seen,  that,  on  this  account,  we  are  di^x»- 
ft  <ed  to  give  it  the  preierence.     We  do  not  mean  to  say  that 
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it  is  the  best  for  a  pocket  watch.     Perhaps  the  • 
of  Duploix  or  Graham  may  be  preferable,  as  be 
ceptihte  nf  greater  siiength,  and  more  able  to  \ 
jults.     Yet  il  IN  a  fact,  that  some  of  the  watcher  n 
this  form  by  Arnold  and  otherB,  have  kept  time  in  ti 
dtrful  manner  above-mentioned  while  carried  s' 
pocket. 

Mr.  Muilge  of  London  invented,  about  tbeyesr  I 
another  detached  scapeinent,  of  a  still  more  i 
struclion.  It  is  a  counterpart  of  Mr,  Cunimi 
for  pendulums.  The  contrivance  is  to  this  effect.  In  Plate 
IX.  lig.  S.  abc  represents  the  balance.  Its  axisii  bnti» 
to  a  large  crank  £FGHlK,su(IicieiiUy  roomy  toKlBttnlfi- 
in  it  two  other  axes  M  and  L,  with  the  proper  cocks  brit- 
ceiving  their  pivots.  The  three  axes  form  one  straiglnGie. 
About  these  smaller  axes  are  coiled  two  auxiliary  ifiniigSi 
in  opposite  directions,  having  their  outer  extremibei  filed 
in  the  studs  A  and  B.  The  balance  ba^  its  ^iriDg  tiao,  js 
usual,  and  the  three  springs  are  so  disposed  that  each  of  theat 
alone  would  keep  the  balance  at  rest  in  the  same  pootiaB, 
which  we  may  suppose  to  be  that  represented  in  the  figun. 
The  auxiliary  springs  A  and  B  are  coanected  vitfa  the )» 
Lance  only  occasionally,  by  meaik^  of  the  arma  m  and  a  pn* 
jecting  from  their  respective  axes.  These  aims  are  Gatdnd 
CD  (^>posite  sides  by  the  pinso,p,  io  the  braiwbes  oflhc 
crank ;  so  that  when  tbe  balance  turns  round,  it  earrieaoH 
or  other  of  those  arms  round  viih  it,  and,  duriog  this  idb- 
tion,  it  is  aiTeeled  by  the  auxiliary  spring  cooDccted  with  the 
aim  so  carried  routMl  by  it. 

Let  us  suppose  that  tbe  balance  vibrates  1^'  aa  och 
nde  of  its  quiescent  position  a  be,  sotlm  the  ladiiuEaK^ 
quins,  akeraatelT,  the  positiaosE&  and  Ec  The  auxilMiy 
^Kin^  are  conoected  «iili  die  wbeeU  bj  a  nTWHn^n  dead* 
beat  fwriiihim  seapetnent,  so  that  cadi  can  be  aepacauijr 
i  op  about  30°,  and  ictained  in  that  poniioo.  Let  a 
e  that  tbe  tpnag  A  has  been  wound  up  30'  n 
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t  direction  a  b,  by  the  wheel-work,  and  that  the  point  n 
f  the  rim  of  the  balacce,  having  come  from  r,  \»  passing 
rough  a  with  its  greatest  velocity.  When  ihe  radius  E  a 
B  passed  a  30^  in  its  course  towards  b,  the  pin  o  finds  the 
»  in  its  way,  and  carries  it  along  with  it  tilt  a  gets  to  k 
,  by  carrying  away  the  arm  tn,  it  has  unlocked  the  wheeU 
:k,  and  the  spring  B  is  now  wound  up  SO""  in  Ihc  other 
ection,  but  has  no  connection  with  the  balance  during  this 
ration.  Thus  the  balance  finishes  its  semi  vibration  ab 
10",  opposed  by  its  own  spring  the  whole  way,  and  by 
:iliary  spring  A  through  an  angle  of  90°.  Itrettims 
die  position  E  a,  aided  by  A  and  by  the  balance  spring, 
rough  an  angle  of  120°.  In  like  manner,  when  Ea  has 
wed  30°  toward  the  position  E  r,  the  pin  p  meets  wiih 
e  arm  n,  and  curries  it  along  with  it  through  an  angle  of 
',  opposed  by  the  spring  B,  and  then  returns  (o  ihe  gxisi- 
3  £  0,  assisted  by  the  same  spring  through  sn  arch  of 

s  it  appears  that  the  balance  is  opposed  by  each  auxt- 
y  spring  through  an  angle  of  !)0°,  and  assisted  through 
kDgle  of  120*.     This  difference  of  action  maintains  the 
rations,  and  the  necessary  winding  up  of  the  auxiliary 
lings  ia  performed  by  the  wheel- work  at  a  lime  when  they 
B  totally  disengaged  from  the  balance.     No  irregrdarity 
~  e  wheel-work  can  have  any  influence  on  the  force  ofthe 
Uxiliary  springs,  and  therefore  the  balance  is  completely 
diMDgaged  from  all  these  irregularities,  except  in  the  short 
moment  of  unlocking  the  wheel  that  winds  up  the  springs. 
This  is  a  most  ingenious  construction,  and  the  nearest  ap- 
proach to  a  free  vibration  that  has  yet  been  thought  of.    It 
deserves  particular  remark  that,  during  ilie  whole  of  tliere- 
e;  or  accelerated  semi  vibration,  the  united  force  of  the 
ings  is  proportional  to  the  distance  from  the  quiescent 
ution.     The  same  may  be  said  of  the  retarded  excursion 
(yond  the  angle  of  impulse :  therefore  the  only  deviation 
{ the  forces  from  the  law  of  cycloidal  vibration  is  during 
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tlie  motion  from  tlic  quiescent  poeition  t«  the  BMHiflg  «i4 
tJie  aiixilmry  spring. .  Tticrefurf,  as  the  forcek,  oa  M 
ftidvs  bej'onil  this  angle,  are  in  (heir  clue  propnrlkm,  mi 
the  balance  always  makes  such  excursions,  there  wtOMHi 
ihinn*  to  diMurb  the  isochronisoi,  whether  the  TibniioMBi 
wide  or  narrow.  Accordingly,  the  pertbrmanceof  thicBC^ 
ment,  umter  the  severest  Irinls,  equalled  any  that  were  cob- 
pared  with  it.  in  as  tar  as  il  depended  on  scapcmcDt  ilme. 
But  it  is  evident  that  the  execution  of  this  scspeineirt,thoogii 
most  simple  in  principle,  must  always  be  vastly  more  difi- 
cult  than  the  one  described  before.  There  is  so  littlenmn, 
tltot  the  parts  must  be  exceedingly  stuall,  requiring  the  UMI 
acruralc  workmanship.  We  think  that  it  nMrbegresily 
■impliHeil,  preserving  all  its  advantages,  and  that  the  ptm 
tnny  he  made  of  mure  than  twice  their  present  sise,  widi  e«ai 
Ies.s  load  on  the  balance  from  the  inertia  of  nutttf.  Hm 
improvcraent  is  now  carrying  into  elTect  by  a  frund. 

Still,  however,  we  do  nut  see  that  lhi$  scapement  is,  tbciv 
reticaltv,  superior  to  the  last.  The  irreguUrittesof  mno- 
taining  power  affect  that  scapcment  only  in  the  vch  of  in- 
pubion,  where  the  Telocity  is  great,  and  the  time  of  Ulin 
very  small.  Moreover,  the  chief  effect  of  the  trrpgulninn 
>s  only  to  enlarge  the  excurnons ;  and  in  these  \b»  whcdi 
have  no  concern. 

Mr.  Mudge  boa  also  ^ven  another  detached  wapei&ent, 
which  he  recommend*  for  pocket  watches,  and  executed  ••- 
tirely  to  hi!  satisfaction  in  one  made  for  the  Queen.  A  dvl 
beat  pendulum  scapetncnt  is  interposed,  as  in  the  lati,  \»- 
twecn  the  wheels  and  the  balance.  The  criitch  EDF  (Ptl* 
IX.  fig.  9.)  has  a  third  arm  DG,  standing^  oatwaids  limn 
t)ie  meeting  of  the  other  two,  and  of  twice  their  length.  Ttal 
arm  terminates  in  a  fork  AGB.  The  verge  V  hai  a  palkf 
C,  which,  when  all  t'^at  re^t,  would  tlaod  between  ike]iaiiia 
A,  B  of  the  fork,  llut  the  wheel,  by  its  action  on  the  f^ 
let  v..  forces  the  fork  into  the  position  S  gb,  the  ponl  A 
of  the  fork  bong  now  where  U  was  before,  just  touchiog 
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Mw  eylindrical  surface  of  the  verge.  The  scapeinent  of  the 
nBu(ch  EDF  is  not  accurately  a  dead  beat  scaperaeni,  but 
Eku  a  very  small  recoil  beyond  the  angle  of  impulaion.  Bjr 
ntn  circumstanco.  the  branch  A  (now  at  B)  is  made  to  press 
laMst  gently  on  the  cylinder,  and  keeps  the  wheel  locked* 
^Wiiie  the  balance  is  going  round  in  the  direction  BHA. 
^^$«  point  A  gets  moving  from  A  to  B  by  means  of  a 
^■Hch  in  the  cyhnder,  which  turns  round  at  the  same  time 
Hv  the  action  of  the  branch  AG  on  the  pallet  C  ;  but  A 
Hbes  not  touch  the  cylinder  during  this  rantion,  the  notch 
^Bving  free  room  for  its  paisage.  When  the  balance  returns 
^Knd  iU  excursion,  the  pallet  C  strikes  on  the  branch  A  (still 
^■B),and  unlocks  the  wheel.  This  now  acting  on  the  crutch 
^ftUet  F,  causes  tlie  branch  b  of  the  fork  to  follow  the  pallet 
^K  utd  give  it  a  strong  impulse  in  the  direction  in  which  it 
^■tben  moving,  causing  the  balance  tomakeasemivibmtioQ 
^p  the  direction  AHB.  The  fork  is  now  in  the  situation 
^^f«,  similar  taBgb,  and  the  wheel  is  again  locked  on  the 
Kotch  pallet  E. 

V-  The  intelligent  reader  will  admit  this  to  be  a  very  steady 
^lad  elective  scapement.  The  lockage  of  the  wheel  is  pro> 
Ltend  in  a  very  ingenious  manner ;  and  the  friction  on  the 
E^linder,  necessary  for  effecting  this,  may  be  made  as  small 
k;4R  we  please,  notwithstanding  a  very  strong  action  of  the 
■  wheel:  For  the  pressure  ofthe  fork  on  the  cylinder  depends 
|/«Bdrely  on  the  degree  of  recoil  that  is  formed  on  the  pallets 
i  B  and  F.  Pressure  on  the  cylinder  is  not  inrlispemably  ne- 
kpeuary,  and  the  crutch  scapement  might  be  a  rent  dead  beat. 
iBut  a  small  recoil,  liy  keeping  the  fork  in  contact  with 
Hke  cylinder,  gives  the  most  perfect  steadiness  to  the  motion, 
^Kpe  ingenious  inventor,  a  man  of  approved  integrity  and 
^■dgment,  declares  that  her  Majc:>ty's  watch  was  llie  best 
^■pcket  watch  he  had  ever  seen.  We  are  not  dii^poscd  to 
Hbrntion  its  excellency.  We  saw  an  experiment  watch  of 
Hw  oaoBtruction,  made  by  a  country  artist,  having  a  ba- 
^Baoe  so  heavy  as  to  vibrate  only  twice  in  a  second.     Everv 
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vibration  was  sensibly  beyond  a  turn  and  a  half,  or  540^. 
The  artist  assured  us,  that  when  its  proper  balance  was  'm^ 
vibrating  somewhat  more  than  five  times  in  a  second,  the 
vibrations  even  exceeded  this.  He  had  procured  it  tUs 
great  mobility  by  sul>stituting  a  roller  with  fine  pivots  ia 
place  of  the  simple  pallet  of  Mudge.  This  great  extent  of 
detached  vibration  is  an  unquestionable  excdlence^  and  ti 
peculiar  to  those  two  scapements  of  this  ingenious  artist. 

Very  ingenious  scapements  have  been  made  by  Enw 
shaw,  Howel,  Hay  ley,  and  other  British  artists  ;  and  many 
by  the  artists  of  Paris  and  Geneva.  But  we  must  conclude 
the  article,  having  described  all  that  have  any  difference  in 
principle. 

The  scaperoent  having  been  brought  to  this  degiee  of 
perfection,  we  have  an  opportunity  of  making  experiments 
on  the  law  of  action  of  springs,  which  has  been  too  readily 
assumed.     We  think  it  easy  to  demonstrate,  that  the  figure 
of  a  spring,  which  must  have  a  great  extent  of  rajud  motioa, 
will  have  a  considerable  influence  on  the  force  whidi  it  im« 
presses  on  a  balance  tin  aciual  motion.     The  accurate  deter- 
mination of  this  influence  is  not  very  diflScult  in  some  sim> 
pie  cases.     It  is  the  greatest  of  all  in  the  plane  ^iral,  and 
the  least  in  the  cylindrical ;  and,  in  this  last  form,  it  is  so 
much  less  as  the  diameter  is  less,  the  length  of  the  spring 
being  the  same.     By  employing  many  turns,  in  order  to 
have  the  same  ultimate  force  at  the  extremity  of  the  excur- 
sion, this  influence  is  increased.     A  particular  length  oS 
spring,  therefore,  \vill  make  it  equal  to  a  given  quantity; 
and  it  may  thus  compensate  for  a  particular  magnitude  of 
iriction,  and  other  obstructions.     This  accounts  for  the  db- 
servation  of  Le  Roy,  who  found  that  every  spring,  when  op- 
plied  to  a  movement^  had  a  certain  length,  which  made  the 
wide  and  narrow  vibrations  isochronous.   His  method  of  trial 
was  so  judicious,  that  there  can  be  no  doubt  of  the  justness 
of  his  conclusion.   His  time-keeper  had  no  fuzee ;  and  when 
the  last  revolution  of  the  main  wheel  was  going  on,  the  ri- 
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brations  were  but  of  half  the  extent  of  those  made  during 
the  first  revolution.  Without  minding  the  real  rate  of  going, 
he  only  compared  the  duration  of  the  first  and  last  revolu- 
tion of  the  minute  hand.  An  artist  of  our  acquaintance  re- 
peated these  experiments,  and  with  the  same  result :  But, 
unfortunately^  could  derive  little  benefit  from  them ;  be- 
cause in  one  state  of  the  oil,  or  with  one  balance,  he  found 
the  lengths  of  the  same  spring,  which  produced  isochronous 
vibrations,  were  different  from  those  which  had  this  effect 
in  another  state  of  the  oil,  or  with  another  balance.  He  al- 
so observed  another  difference  in  the  rate,  arising  from  a 
difference  of  position,  according  as  XII,  VI,  III,  or  IX, 
was  uppermost ;  which  difference  plainly  arises  from  the 
BwaggiDg  of  the  spring  by  its  weight,  and,  in  that  state, 
acting  as  a  pendulum.  This  unluckily  put  a  stop  to  his 
attempts  to  lessen  this  hurtful  influence  by  employing  a  cy- 
lindrical spiral  of  small  diameter  and  great  length  \ 


*  It  is  maeh  to  be  regretted,  that  the  preceding  dJstertation  is  the  only  one 
tb*t  Dr.  Robison  has  written,  upon  the  very  interesting  subject  of  Timekeep^ 
erSf  which  he  had  studied  with  particular  attention.  So  early  as  the  year  1793 
he  had  projected  a  magnificent  work  on  the  Historyi  Theory,  and  Practice  of  , 
Horology  {  and  in  a  letter  addressed  to  Mr*  Thomas  Reid  of  Edinburgh, 
and  containing  an  account  of  the  plau  and  object  of  the  work,  be  requested 
that  this  able  and  experienced  artist  would  cooperate  with  him  in  the  under* 
taking.  Mr.  Iteid*s  occupations  did  not  permit  him  to  agree  to  this  flattering 
request  $  and  it  was  probably  on  this  account  that  Dr.  Robison  abandoned  the 
work.  Many  valuable  materials  respecting  the  history  of  Horology,  and  many 
profound  views  respecting  its  principles,  have  thus  been  lost  to  science.  It  is 
fortunate,  however,  that  the  practical  part  which  Mr.  Reid  would  have  contri- 
buted, has  been  lately  published  in  the  article  HoROLOoy^  which  he  has  wntteA 
for  the  EniKBURGB  Ekcyclopxdia.    Ed. 
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419.  By  thk  word  we  express  that  nobte  art^  or,  more  pm^ 
ly,  the  qualifications  which  enable  a  man  to  exerciae  the  nobb 
art  of  working  a  ship.  A  sbaman,  in  the  languaga  of  the 
profession,  is  not  merely  a  mariner  or  labourer  on  board  a 
ship,  but  a  man  who  understands  the  structure  of  this  woo- 
derful  machine,  and  every  subordinate  part  of  its  mpchsnigni 
so  as  to  enable  him  to  employ  it  to  the  best  advantage  fiir 
pushing  her  forward  in  a  particular  direction,  and  foraToid- 
ing  the  numberless  dangers  to  which  she  is  exposed  by  the 
violence  of  the  winds  and  waves.  He  also  knows  what  coiv* 
ses  can  be  held  by  the  ship,  according  to  the  wind  that  blows, 
and  what  cannot,  and  which  of  these  is  most  conducive  to 
her  progress  in  her  intended  voyage :  and  he  must  be  able 
to  perform  every  part  of  the  necessary  operation  with  Us 
own  hands.  As  the  seamen  express  it,  he  must  be  able  *^  to 
hand,  reef,  and  steer.^ 

480.  We  are  justified  in  calling  it  a  nobk  art^  not  cmly  bj 
its  importance,  which  it  is  quite  needless  to  amplify  or  em- 
bellish, but  by  its  immense  extent  and  difficulty,  and  the  pro- 
digious number  and  variety  of  principles  on  which  it  is 
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—all  of  which  must  be  possessed  m  such  a  manner 
t  ihey  shall  offer  themselves  without  reflection  in  an  in- 
T  otherwise  the  pretended  sesomn  cannot  be  trusted  on 
k  watch. 

,e  art  is  practised  by  persons  without  what  we  call  edii- 
m,  and  therefore  it  sufi'ers  in  (he  estimation  of  the  care- 
is  spectator.     It  is  thought  little  of,  because  little  attention 
i  to  it.     But  if  multiphcily,  variety,  and  intricacy  of 
<^ples,  and  a  systematic  knowledge  of  these  principles, 
Ititle  any  art  to  ihe  appellation  of  acienlijic  and  liberal,  sea- 
mship  claims  these  epithets  in  an  eminent  degree. 

il.  What  a  pity  it  is  that  an  art  so  important,  sodifRcult, 
d  90  intimately  connected  with  the  invariable  laws  of  me- 
tnicat  nature,  should  be  so  held  by  its  possessors,  that  it 
>t  improve,  but  must  die  with  each  individual.     Hav- 
gnd  advantages  of  previous  education,  they  cannot  arrange 
r  thoughts;  they  can  hardly  be  said  to  think.     They 
r  less  express  or  communicate  to  others  the  intuitive 
iwledge  which  they  possess ;  and  their  art,  acquired  by 
"it  alone,  is  little  difi'erent  from  an  instinct.     We  are  as 
e  entitled  to  expect  improvement  here  as  in  the  architec- 
j  of  the  bee  or  the  beaver.      Yet  a  ship  is  a  machine, 
e  know  the  forces  which  act  on  it,  and  we  know  the  re- 
B  of  its  construction — all  these  are  as  fixed  as  the  laws 
>a.  What  hinders  this  to  be  reduced  to  a  set  of  prac- 
1  maxims,  as  well  founded  and  as  logically  deduced  as 
e  working  of  a  steam  engine  or  a  cotton  mill  P  May  not 
B  ingenious  speculalist  in  his  closet  unravel  the  intricate 
i  of  mechanism  which  connects  all  the  manual  opera* 
s  with  the  unchangeable  laws  of  nature,  and  both  fur- 
1  the  seaman  with  a  belter  mnchioe,  and  direct  him  to  a 
e  dexterous  use  of  it  .'* 
428.  We  cannot  lielp  thinking  that  much  may  be  done; 
liy,  we  may  say  that  much  has  been  donp.    We  think  high- 
ly of  the  progressive  labours  of  Renaud,  Pilot,  Bouguer,  Du 
\  Groignard,  Bernoulli,  Euler,  Romme,  and  othen; 
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and  are  both  surprised  and  sorry  that  Britain  has  oontribuU 
ed  so  little  in  these  attempts.  Grordon  is  the  only  one  of 
our  countrymen  who  has  given  a  professedly  scientific  trei* 
tise  on  a  small  branch  of  the  subject.  The  government  c£ 
France  has  always  been  strongly  impressed  with  the  notioa 
of  great  improvements  being  attunable  by  systematic  study 
of  this  art ;  and  we  are  indebted  to  the  endeavours  of  that 
ingenious  nation  for  any  thing  of  practical  importance  that 
has  been  obtained.  M.  Bouguer  was  professor  of  hydrok^ 
at  one  of  the  marine  academies  of  France,  and  was  enjoin- 
ed, as  part  of  his  duty,  to  compose  dissertations  both  on  the 
construction  and  the  working  of  ships.  His  Traite  du  JVin- 
t/tre,  and  his  Manxuvre  des  VaUseaux,  are  undoubtedly  veiy 
valuable  performances :  So  are  those  of  Euler  and  Bemoulliy 
considered  as  mathematical  dissertations,  and  they  are  won- 
derful works  of  genius,  considered  as  the  productions  of  per- 
sons who  hardly  ever  saw  a  ship,  and  were  totally  unac- 
quainted with  the  profession  of  a  seaman.  In  this  respect 
Bouguer  had  great  superiority^  having  always  lived  at  a  sea- 
port, and  having  made  many  very  long  voyages.  His  trea* 
tises  therefore  are  infinitely  better  accommodated  to  the  de- 
mands of  the  seaman,  and  more  directly  instructive;  but 
still  the  author  is  more  a  mathematician  than  an  artist,  and 
his  performance  is  intelligible  only  to  mathematicians.  It 
is  true,  the  academical  education  of  the  young  gentlemen  of 
the  French  navy  is  such,  that  a  gr^at  number  of  them  may 
acquire  the  preparatory  knowledge  that  is  necessary  ;  and 
we  are  well  informed  that,  in  this  respect,  the  officers  of  the 
British  navy  are  greatly  inferior  to  them. 

423.  But  this  very  circumstance  has  furnished  to  many 
persons  an  argument  against  the  utility  of  those  performan- 
ces. It  is  said  that,  <<  notwithstanding  this  superior  mathe- 
matical education,  and  the  possession  of  those  boasted  per-^ 
formances  of  M.  !^ouguer,  the  French  are  greatly  inferior, 
in  point  of  seamanship,  to  our  countrymen,  who  have  not  a 
page  in  their  language  to  instruct  them,  and  who  could  not 
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ruse  it  if  they  had  it-"   Nay,  so  little  do  the  French  them- 

9  seem  sensible  of  the  advantage  of  these  publications, 

t  no  pcr'on  among  tliem  has  attempted  to  make  a  fami- 

r  abridgment  of  them,  written  in  a  way  fitted  lo  attract 

Itentton;  and  they  still  remain  noglccted  in  their  original 

■Btnise  and  uninteresting  form. 

!4-  We  wish  that  we  could  give  a  satisfactory  answer  to 

is  olwervntion.   It  is  just,  and  it  is  iiii|>ortant.    These  very 

nious  and  learned  dissertations  are  by  no  means  so  use- 

s  we  should  expect.  They  are  large  books,  and  appear 

I  much  ;  and  as  their  plan  is  logical,  it  seems  to 

npy  the  whole  subject,  and  therefore  to  have  done  almost 

it  can  be  done.      But,  alas  !  they  have  only  opened 

ibject,  and  the  study  is  yet  in  its  infancy.   The  whole 

e  of  the  art  must  proceed  on  the  knowledge  of  the  im- 

Isions  of  the  wind  and  water.  These  are  the  forces  which 

1  the  machine;  and  its  motions,  which  arc  the  ultim»- 

)f  our  researeli,  whether  as  an  end  lo  be  obtained  or  as 

Vthing  to  be  prevented,  must  depend  on  these  forces.    Now 

B  with  respect  to  this  fundamental  point  that  we  are  as 

t  almost  totally  in  the  dark.    And,  in  the  performances  of 

.  Bouguer,  as  also  in  those  of  the  other  authors  wc  have 

,  the  theory  of  these  forces,  by  which  their  quantity 

1  the  direction  of  their  action  are  ascertained,  is  altogether 

roneous;  and  its  results  deviate  so  enormously  from  what 

I  observed  in  the  motions  of  a  ship,  that  tlie  person  who 

luld  direct  the  operations  on  shipboard,  in  conformity  to 

IS    deducible   from    M-    Bouguer's  propositions, 

luld  be  battled  in  most  of  his  attempts,  and  be  in  danger 

■sing  the  ship.      The  whole  proceeds  on  the  supposed 

b  of  that  theory  which  rotates  the  impulse  of  a  fluid  to 

a  the  proportion  of  the  square  of  the  sine  of  the  angle  of 

idence ;  and  that  its  action  on  any  small  portion,  Buch  as 

lare  foot  of  the  sails  or  hull,  is  the  same  as  if  that  por- 

1  were  detached  from  the  rest,  and  were  ex{»Bed,  single 

i  alone,  to  the  wind  or  water  in  the  samc^  ngle.     But  wc 
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have  shown,  in  the  article  Aksist^vck  <>fF?iad»,  both  &aa 
theory  and  experiemi.-,  that  both  of  thesv  priuciplcs  are  er- 
roneous, and  this  to  a  very  great  degree,  in  oases  which  oc> 
rur  most  frequently  in  practice,  that  is,  in  the  small  aogki 
of  incUnalion.  Wiien  tlie  wind  falls  nearly  perpeoilkijlir 
on  the  sails,  theory  is  not  very  erroneoua ;  but  in  theie«aae9, 
the  orcumstances  of  the  fhip's  eiluation  are  generalljr  such 
that  the  practice  is  easy,  occurring  almost  witliout  tbou^; 
and  in  this  case,  too,  even  considerable  deviations  fron  the 
very  best  practice  are  of  no  great  moment.  The  inlenSU 
ing  cases,  where  the  intended  movement  requires  or  depemb 
upon  very  oblique  actions  of  the  wind  on  the  Bails,  and  iU 
practicability  or  impraclicability  depends  on  a  very  Hnall 
variation  of  this  obliquity ;  a  mistake  of  the  force,  exlha  as 
to  intensity  or  direction,  produces  a  mighty  effect  on  the  r^ 
suiting  motion.  This  is  the  case  in  sailing  to  windwanl : 
the  most  important  of  all  the  general  problems  of  fTTT^ 
ship.  The  trim  of  the  sails,  and  the  course  of  the  abip,  m 
as  to  gain  most  on  the  wind,  are  very  nice  ihiogt;  thai  IB, 
they  are  confined  within  very  narrow  limits,  and  a  saall 
mistake  produces  a  very  considerable  eflTect.  The  samt 
tiling  obtains  in  many  of  the  nice  problems  of  tacking,  bos- 
hauling,  wearing  after  lying-to  in  a  storm,  Sec.  -^^^ 

The  error  in  the  second  assertion  of  the  tlieory  u^^l 
greater,  and  the  action  on  one  piirt  of  the  sail  or  bull  j^^H 
greatly  modified  by  its  action  on  another  adjoining  put,  OB^ 
a  stay-sail  is  ohen  seen  hanging  like  a  loose  rag,  sllhougli 
lliere  is  nothing  between  it  and  the  wind  ;  and  (his  tnereij 
because  a  great  sail  in  its  neighbourhood  sends  off  a  latafil 
stream  of  wind,  which  completely  hinder*  the  wind  Iran 
getting  at  it.     Till  the  theory  of  the  action  of  fluids  be  «- 
lablished,  therefore,  we  cannot  tell  what  are  the  furoo  *"  "^ 
are  acting  on  every  point  of  the  sail  and  hull :  Tlierefon 
cannot  Icll  either  the  mean  intensity  or  direction  t ' 
whole  force  which  acts  on  any  particular  sail,  nor  (hrifll 
liry  and  mean  direction  of  the  resistance  to  the  hull ;. 
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cumstances  absolutely  necessary  for  enabling  us  to  say  what 
will  be  their  energy  in  producing  a  rotation  round  any  par- 
ticular axis.  In  like  manner,  we  cannot,  by  such  a  compu- 
tWion,  find  the  sfxintaneous  axis  of  conversion  (see  Rota- 
Tjon),  or  the  velocity  of  such  conversion.  In  short,  we  can- 
not pronounce  with  tolerable  confidence  H  priori  what  wiH 
be  tile  motions  in  any  case,  or  what  {(ispnsitions  of  the  sails 
will  produce  the  movement  we  wish  to  perform.  The  ex- 
perienced seaman  learns  by  habit  the  general  effects  of  every 
disposition  of  the  sails;  and  though  his  knowledge  is  far 
from  being  accurate,  it  seldom  leads  him  into  any  very  blun- 
dering operation.  Perhaps  he  seldom  makes  the  best  ad- 
justment possible,  but  seldomcr  still  does  he  deviate  very 
&r  from  it ;  and  in  the  most  general  and  important  pn>- 
Iriems,  such  as  working  to  windward,  the  result  of  much  ex- 
perience and  many  corrections  has  settled  a  trim  of  the  sails, 
which  is  certainly  not  far  from  the  truth,  but  (it  must  be 
acknowledged)  deviates  widely  and  uniforndy  from  the 
theories  of  the  matliematician's  closet.  The  honest  tor, 
therefore,  must  be  indulged  in  his  joke  on  the  useless  la- 
bours of  the  mathematician,  who  can  neither  hand,  reef,  nor 
ateer. 

4S5.  After  this  account  of  the  theoretical  performances 
IB  the  art  of  seamanship,  and  what  we  have  s^d  in  another 
place  on  tlie  small  hopes  we  entertain  of  seeing  a  perfect 
Uieory  of  the  impulse  of  fluids,  it  will  not  be  expected  that 
we  enter  very  minutely  on  the  subject  in  this  place ;  nor  ia 
it  our  intention.  But  let  it  be  observed,  that  the  theory  is 
defective  in  one  point  only  ;  and  although  tliis  is  a  most  im- 
portant {mint,  and  the  errors  in  it  destroy  the  conclusions 
of  the  chief  propositions,  the  reasonings  remain  in  full  force, 
and  the  modm  operandi  is  precisely  such  as  is  stated  in  the 
theory.  The  principles  of  the  art  are  therefore  to  be  founo 
in  these  treatises ;  but  false  inferences  have  been  drawn,  by 
computing  from  erroneous  quantities.  The  rules  and  the 
practice  of  the  computatioo,  however,  are  still  beyond  con- 
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troversy :  Nay,  since  the  process  of  invefittgstion  u 
mate,  we  may  niaLe  use  ol'  it  in  order  to  discover  tl: 
circumstance  in  which  wc  are  at  present  mistaken  ; 
converting  ttie  proposition,  instead  of  finding  the  n 
by  means  of  the  supposed  forces,  combined  with  the  known 
mechanism,  we  may  discover  the  forces  by  tneons  of  ihit 
mechanism  and  die  observed  motions. 

426.  We  s)iall  therefore  in  this  place  give  a  Tcry  goitnl 
view  of  the  niovemenis  of  a.  ship  uuder  sail,  sliovitig  ho* 
they  are  produced  and  modified  by  the  action  of  the  wind 
on  her  sails,  the  water  on  her  rudder  and  on  her  bows.  We 
shall  not  attempt  a  precise  determination  of  any  of  ihnt 
movements ;  but  we  shall  say  enough  to  enable  the  cunoof 
landsman  to  undcistand  how  this  mighty  macliuM  is nik 
naged  amidst  the  fuiy  of  the  winds  and  waves  ;  and,  vlnt 
is  more  to  our  wish,  we  hope  tu  enable  the  uninstructed  but 
tliinking  seaman  to  generalise  that  knowledge  which  he  pos- 
sesses; to  class  his  ideas,  and  give  them  a  sort  of  nticmal 
system ;  and  even  to  improve  his  practice,  by  maldng  him 
sensible  of  the  immediate  operation  of  every  tiling  he  doet, 
and  in  what  manner  it  contributes  to  produce  the  motemeiil 
which  he  has  in  view, 

427'  A  ship  may  be  considered  at  present  as  a  nuaof 
inert  matter  in  free  space,  at  liberty  to  move  in  every  dilu- 
tion, according  to  the  forces  which  impel  or  resiiit  her;  and 
when  she  is  \n  actual  motion,  in  the  direction  c^  her  coun^ 
wc  may  still  consider  her  as  at  rest  in  absolute  space,  but 
exposed  to  the  impulse  of  a  current  of  water  moving  e^uiU 
ly  fast  in  the  opjMosite  direction  ;  for  in  both  ciisvs  the  pen* 
sure  of  tile  water  on  her  bows  is  the  same  ;  and  we  kliu» 
that  it  is  possible,  and  frequently  happens  ii)  current),  ^M 
the  impulse  of  the  wind  on  her  sails,  and  thai  of  the  "ater 
on  her  bows,  balance  each  other  so  precisely,  that  »he  nut 
only  does  not  stir  from  tlie  place,  but  also  remiuns  sitadilf 
in  the  same  position,  with  her  bead  directed  to  the  stoic 
point  uf  the  compass.    This  »tate  of  things  is  easily  oouceii- 
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Bft  b)^  anj  person  accustomed  to  consider  mechanical  sub- 
^pcts,  and  every  scanian  of  experience  has  observed  it.  It 
H|of  importance  to  consider  it  in  this  point  of  view,  because 
^ft^gives  us  the  most  litniiliar  notion  of  the  manner  io  which 
Hpese  forces  of  the  wind  and  water  arc  set  in  opposition,  and 
Hwde  to  balance  or  not  to  balance  each  other  by  the  inter- 
^Beation  of  the  ship,  in  the  same  manner  as  tlie  goods  and 
Hk  weights  balance  each  other  in  ilie  scales  by  the  interven- 
Hrhi  of  a  beam  or  steel-yard. 

H|  428.  When  a  ship  proceeds  steadily  in  her  course,  with- 

^Mtt  changing  her  rate  of  soling,  or  varying  tlie  direction  of 

^pprbead,  we  must  in  the  first  place  conceive  the  accumu- 

H|ted  impulses  of  the  wind  on  all  her  sails  as  precisely  equal 

Hod  directly  opposite  to  the  impulse  of  the  water  on  her 

^■Dws.     In  the  next  place,  because  the  ^hip  dues  not  change 

^Be  direction  of  her  keel,  she  resembles  the  balanced  steeU 

Hjird,  in  whicli  the  energies  of  the  two  weights,  which  tend 

^fc  produce  rotations  In  opposite  directions,  and  thus  to 

Hpange  the  position  of  the  beam,  mutually  balance  each 

Hltber  round  the  fulcrum ;  so  the  energies  of  the  actions  uf 

Bhe  wind  on  the  different  sails  balance  the  energies  of  the 

■water  on  the  different  parts  uf  the  hull. 

Hb  429.  The  seaman  has  two  principal  tasks  to  perfuini. 

HTbe  first  is  to  keep  the  ship  steadily  in  that  course  which 

nyill  bring  her  farthest  on  in  the  line  of  her  intended  voy- 

Bge.     This  is  frequently  very  different  from  that  line,  and 

Kbe  choice  of  the  best  course  is-somctimes  a  matter  of  con- 

niderahle  difficulty.     It  is  sometimes  possible  to  shape  the 

course  precisely  along  the  line  of  tlie  voyage;    and  yet  the 

intelligent  seaman  knows  that  he  will  arrive  sooner,  or  with 

greater  safety,  at  his  port,  by  taking  a  different  course;  be- 

cause  he  will  gain  more  by  increasing  his  speed  than  he  loses 

by  increasing  the  distance.    Some  principle  must  direct  him 

in  the  selection  of  this  course.   This  we  must  attempt  to  lay 

Mc  the  reader. 
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Having  chosen  Eueh  a  course  a^  he  thinks  most  Mclvaatft- 
geous.  he  must  set  such  a  quantitj  of  sail  as  the  stnmgth  ct 
tlie  wind  will  allow  him  to  carry  with  safety  and  eflcci,  and 
must  trim  the  sails  properly,  or  so  adjust  theirpnnitiom  lo 
the  direction  of  ihe  wind,  that  they  may  have  the  gr«Mett 
possible  tendency  to  impel  the  ship  in  the  line  of  her  courac, 
and  to  keep  her  steadily  in  that  direction. 

His  other  task  is  to  produce  any  deviationi  which  he  seel 
proper  from  the  present  course  of  (he  ship ;  and  to  produce 
these  in  the  most  certain,  the  safest,  and  the  most  expediti- 
ous manner.  It  is  chiefly  in  this  movement  that  theme- 
chanicoi  nature  ufa  ship  comes  into  view,  and  it  is  here  that 
the  superior  address  and  resource  of  an  expert  «g^pt^n  bia 
be  perceived. 

It  is  perfectly  consonant  to  cxperieiKe  that  the  impabe 
of  fluids  is  in  the  duplicate  raiio  of  the  relative  Telocity. 
Let  it  be  supposed  that  when  water  moves  one  tool  per  ac- 
cond  irs  perpendicular  pressure  or  impulse  on  a  square  foot 
is  m  pounds.  Then,  if  it  be  moving  with  the  velodlv  V 
estimated  in  feet  per  second,  its  perpendicular  impulse  on  a 
■urface  S,  containing  any  number  of  square  feet,  must  be 
mSV. 

In  like  manner,  the  impulse  of  ur  on  the  same  surfiue 
may  be  represented  by  n  SV* ;  and  the  proportioti  of  the 
impulse  of  these  two  fluids  will  be  that  of  m  ton.     We  nujT 

express  this  by  the  ratio  of  9  to  I  making  —  =  y.  ^^H 

430.  M.  Bouguer'e  computations  and  tables  areon  thcti^^H 
position  that  the  impulse  of  aea-water  moving  one  foot  p^^ 
second  is  33  ounces  on  a  square  foot,  and  that  the  impaba 
of  the  wind  is  the  same  when  it  blows  at  the  rate  of  i?4  feol 
per  second.  These  measures  arc  all  French.  They  by  no 
means  agree  with  the  experiments  of  others ;  and  what  we 
have  already  said,  when  treating  of  the  RebistakoR  of 
Fluids,  is  enough  to  shew  us  that  nothing  like  pircite  tD»- 
Eurcs  can  be  expected.     It  was  shown  as  the  result  of  a  n- 
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tioiral  iDvestigalioii,  sad  confirined  bj  the  ei^Krimetits  ol' 
Bufit  and  others,  that  the  impuUions  and  reBiataoces  at  the 
same  surface,  with  the  same  obliquity  of  incidence  and  the 
same  velocity  of  motion,  are  dJSerent  according  to  the  ibrm 
and  situation  of  the  adjoining  parts.  Thus  the  total  reuB- 
tanoe  of  a  thin  board  is  greater  than  that  of  a  long  prism, 
bating  this  board  for  its  front  or  bow,  &c. 

We  are  greatly  at  a  loss  what  to  give  as  absolute  measures 
of  these  iiii|>ulaions. 

J.  With  respect  to  vater.  The  experiments  of  the 
French  academy  on  a  prism  two  feet  broad  and  deep,  and 
four  feet  long,  indicate  a  rebistance  of  0,973  pounds  avoirdu- 
pois to  a  square  foot,  moving  with  the  velocity  of  one  foot 
per  second  at  the  surface  uf  still  water. 

Mr.  Buat's  expcrimeDts  on  a  square  foot  wholly  immerS" 
«<I  ia  a  stream  were  as  follow  : 

A  square  foot  as  a  thin  plato  -  1,81  pounds. 

Ditto  as  the  front  of  a  box  one  foot  long       1,42 
Ditto  as  the  front  of  a  box  three  feet  long     1,29 
The  resistance  of  sea-water  is  about  ^'y  greater. 
2.  With  respect  to  air,  the  varieties  are  as  great.     The 
resistance  of  a  square  foot  to  air  moving  with  the  velocity  of 
one  foot  per  second  appears  from  Mr.  Rubins's  experiments 
oo  16  square  inches  to  be  on  a  square  foot  0,001596  pounds. 
Chevalier  Borda's  on  16  inches  0,001757 

o[)  81  inches  0,0020*3 

Mr.  House's  on  large  surfaces  0,O0S291 

Preuse  measures  are  not  to  be  expected,  nor  are  they  ne- 
cessary in  this  inquiry.  Here  we  arc  cbie6y  interested  in 
their  proportions,  as  they  may  be  varied  by  their  mode 
of  action  in  the  diilerent  circumstances  of  obhquity  and  ve- 
locity. 

43 1.  We  begin  by  recurring  to  the  fundamental  proposi- 
tion concerning  the  impulse  of  fluids,  viz.  that  the  absolute 
pressure  is  always  in  a  direction  perpendicular  to  the  impel- 
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let!  surface,  whatever  may  be  the  direction  of  ihe  rtnani  of 
fluid.  We  must  therefore  illustrate  the  docirine,  byilvaji 
supposing  a  flat  surface  of  sail  stretched  on  a  yard,  lAnA 
can  be  braced  about  in  any  direction,  and  giving  thii  ai 
such  a  position  and  such  an  extent  of  surface  thai  the  im- 
pulse OD  it  may  be  the  same  bath  as  to  direction  and  tnlen- 
sity  with  that  on  the  real  sails.  Thus  the  consideraiioo  is 
greatly  simplified.  The  direction  of  the  impulse  is  iherrfwe 
perpendicular  to  the  yard.  Its  intensity  depends  on  the  ve- 
locity with  which  the  wind  meets  the  sail,  and  the  obliquiij 
of  its  stroke.  We  shall  adopt  the  constructions  founded  oa 
the  common  doctrine,  that  the  impulse  is  as  the  squsrt  of 
the  sine  of  the  inclination,  liecause  they  are  simple ;  where- 
as, if  we  were  to  introduce  the  values  of  the  oblique  im- 
pulses, such  as  they  have  been  observed  in  the  rxcellent  ex- 
periments of  the  Academy  of  Paris,  the  constructions  «rou!d 
be  atmplicatcd  in  the  extreme,  and  we  could  hardly  in* 
any  consequences  which  would  be  intelligible  to  any  butec- 
pert  mathematicians.  The  conclusions  will  be  erromoui, 
not  in  kind  but  in  quantity  only :  and  we  shall  point  out 
the  necessary  corrections,  so  that  the  final  results  will  be 
found  not  very  different  from  real  observalion. 

432.  If  a  ship  were  a  round  cylindrical  body  like  aflil 
tub,  floating  on  its  bottom,  and  fitted  with  a  mast  and  nl 
in  the  centre,  she  would  always  sail  in  a  direction  perpeaiir 
cular  to  the  yard.  This  is  evident  But  she  is  on  (Mong 
body,  and  may  be  compared  to  a  chest,  whose  length  gml- 
ly  exceeds  its  breadth.  She  is  so  shaped,  that  a  modente 
force  will  push  her  through  the  water  with  thehead  or  item 
foremost;  but  it  requires  a  very  great  force  to  push  h» 
sidewisewiih  the  same  velocity.  A  Rne  catling  chip  of  nt 
will  require  about  IS  times  an  mucli  force  to  push  her  sde- 
wise  as  to  push  her  head  foremost.  In  this  respect  Am- 
fore  she  will  very  much  resemble  a  chest  whose  lengrh  ii  13 
limes  its  brtadih  ;  and  whatever  be  the  proportion  of  ihae 
resistances  in  different  ships,  we  may  always  substitute  i 
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t  ff  hich  shall  have  the  same  resistances  head  wise  ADd  side- 


^433.  Let  EFGH  (Plate  X.  fig.  1.)  be  the  horizontal 
ction  of  such  a  box,  and  AB  its  middle  line,  and  C  its 
In  whatever  direction  this  box  may  chance  to  move, 
e  direction  of  the  whole  resistance  on  its  two  sides  will  pass 
rough  C.  For  as  the  whole  stream  has  one  iaulination  to 
e  side  EF,  the  equivalent  of  the  equal  impulses  on  every 
will  be  in  a  hnc  perpendicular  to  the  middle  of  EF. 
for  the  same  reason,  it  will  be  in  a  line  perpendicular  to  the 
iddle  of  FG.  These  perpendiculars  must  cross  in  C 
klppose  a  mast  erected  at  C,  and  YC^  to  be  a  yard  hoisted  on 
itCarrying  a  sail.  Let  the  yard  be  first  conceived  as  braced 
Ight  athwart  at  right  angles  to  the  keel,  as  represented  by 
y  y'.  Then,  whatever  be  the  direction  of  the  wind  abail 
\fis  sail,  it  will  impel  llie  vessel  in  the  direction  CB.  But 
f  the  sail  has  the  oblique  position  V  ^,  the  impulse  will  be 
i  the  direction  CD  perpendicular  to  CY,  and  will  both  push 
e  vessel  ahead  and  side  wise:  For  the  impulse  CD  is  eqiii> 
plent  to  the  two  impulses  CK  and  CI  (the  sides  of  a  rect-' 
Igle  of  which  CD  is  thi'  diagonal).  The  force  CI  pushes 
e  vessel  ahead,  and  CK  pushes  her  sidewise.  She  must 
refore  take  some  intermediate  direction  ab,  such  that  the 
^stance  uf  the  water  to  the  plane  FG  is  to  its  reustance 
9  the  plane  F.F  as  CI  to  CK. 

I  The  angle  b  CB  between  the  real  course  and  the  direction 
t  the  iK-ad  is  called  the  Leeway  \  and  in  the  course  of  this 
sertation  we  shall  express  it  by  the  symbol  x.  It  evi- 
aitly  depends  on  the  shape  of  the  vessel  and  on  the  posi- 
tion oj'  the  yard.  An  accurate  knowledge  of  the  quantity 
of  leeway,  corresponding  to  different  circumstances  of  oblU 
quity  of  impulse,  extent  of  surface,  &c.  is  of  the  utmost  im- 
portance in  the  practice  of  navigation  ;  and  even  an  approxi- 
mation is  valuable.  The  subject  is  so  very  difficult  that 
.  content  us  for  the  present. 
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434.  Let  V  be  the  velocity  of  tlie  slitp  itf  thediiMimC 
h,  and  let  the  surfaces  F6  and  FE  be  called  A'  mA  9. 
Then  the  resistance  to  the  lateral  motion  iB  m  V*"  x  V  X 
nne*,  A  CB,  and  that  to  the  direct  motion  is  n*  V*  x  A  x 
sine*,  b  CK,  or  m  V*  X  A'  X  cos.'  A  CB.  Therefm  Am 
reuBiances  are  in  the  proporuoD  ot*  B'  X  sine*,  s  to  A'  x 
COS.*,  X  (representing  the  angle  of  leeway  b  CB  b;  the  ij» 
boU.) 

Therefore  we  hive  CI :  C£*  or  CI  :   ID  =  A'- 
8iue*jr 
:B'Mne»*,=  A':B'— -,— =  A:  B- tangent"  «. 

Let  the  angle  YCB,  to  which  the  yard  is  braod^ 
called  the  Tkim  of  the  sails,  and  expressed  by  tlien 
b.     This  is  the  complement  of  the  angle  DCI.    N4W<i 
ID  =  rad. :  tan.  DCI.  =  !  :  tan.  DCI,  =  I  :eot«B.i.  1" 
fore  we  have  finally  1  :  cotau.  A  ^  A'  :  B'*   Ut).*  x, 

cotan.  6  =  B''  tangent'*,  and  tan.  *x  =  s  coLi. ' 
tion  evidently  ascertains  the  mutual  relation  betwm  it 
trim  of  the  sails  and  the  leeway  in  every  case  when  vtori 
tell  the  proportion  between  the  resistances  to  the  dinclal 
broadside  motions  of  the  ship,  and  where  this  prapaniM 
does  not  change  by  the  obliquity  of  the  couree.  "Pub, 
suppose  the  yard  braced  up  to  an  angle  of  30°  with  the  ^ed 
Then  cotan  30"— 1,732  very  nearly.  Suppose  slso^ 
the  resistance  sidewise  is  13  times  greater  tbanthenaa- 
«noe  hcadwise.     This  gives  A'  =  1  and  B*  =  IS.    Tha^ 

fore  1,732=  12  X  tangent**,  and  tangent  •  »=-W^ 
0.14434,  and  tan.  x  =  0,3799,  and  i  =  SQo  49*,  via;  urif 
two  points  of  leeway. 

This  compulation,  or  rather  the  eii^uation  wbich^ 
room  for  it,  supposes  the  resistances  proporttoml  to  tb 
Mjuares  of  the  anes  of  incidence.  The  ex  pcrimenis  of  lli 
Academy  of  Paris,  of  which  an  abstract  is  given  in  tht»- 
liile  Reat^TAUCS  of  Fluids,  show  that  this  supposition  iiM 
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ftrfirom  the  truth  vhen  the  angle  of  incidence  is  great.  In 
this  present  case  the  angle  of  incidence  on  the  front  FG  in 
about  70',  and  the  experiments  just  non  nieutiuncd  show 
that  the  real  resistances  exceed  the  theoretical  ones  only 
rSc-  But  the  angle  of  incidence  cm  EF  is  only  20°  48', 
Sxperiment  shows  that  in  this  inclination  the  resistance  is 
almost  quadruple  of  the  theoretical  resistances.  Tlicrcfore 
the  lateral  resistance  is  assumed  much  too  small  in  the  pre. 
Kent  instance.  Therefore  a  much  smaller  leeway  will  siii^ 
ficc  for  producing  a  lateral  resistance  which  will  balance  the 
lateral  impulse  CK,  arising  from  the  obliquity  of  the  salt, 
vti.  30°.  The  matter  of  fact  is,  that  a  pretty  good  sailing 
fihip,  with  her  soils  braced  to  this  angle  at  a  medium,  will 
not  make  above  five  or  six  degrees  leeway  in  smooth  water 
and  easy  weatlier ;  and  yet  in  this  situation  the  hull  and 
lagging  present  a  very  great  surface  to  the  wind,  in  tlie  mobt 
improper  positions,  so  as  lo  have  a  very  great  effect  in  in^ 
creasing  her  leeway.  Anil  if  we  compute  the  resistances  for 
this  leeway  of  six  degrees  by  the  actual  experiments  of  the 
French  Academy  on  tliat  angle,  we  ihall  find  the  result  not 
for  from  the  truth ;  that  is,  the  direct  and  lateral  resistances 
will  be  nearly  in  the  proportion  of  CI  to  ID. 

It  results  from  this  view  of  the  matter,  that  the  leeway 
is  in  general  much  smaller  than  what  the  usual  theory  as- 
signs. 

435.  We  also  see,  that  according  to  wiiatever  law  the  r& 
sistances  change  by  a  change  of  indiaation,  the  leeway  re- 
mains the  same  while  the  trim  of  the  sails  is  the  same.  The 
leeway  depends  only  on  the  direction  of  the  impulse  of  the 
wind ;  and  this  depends  solely  on  the  position  of  the  sails 
with  respect  to  the  keel,  whatever  may  be  the  direction  of 
die  wind.  This  is  a  very  important  observation,  and  will 
be  frequently  referred  to  in  the  progress  of  the  present  in- 
vesligauon.  Note,  however,  that  we  are  here  considering 
only  the  action  on  the  sails,  and  on  the  same  sails.  We  are 
not  considaring  the  action  of  the  wind  on  the  hull  and  rig' 
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ging.  Tbis  tnity  be  very  considerable ;  and  tt  a  almyi  ia 
a  lee  direction,  and  augmentH  ihe  leeway  ;  and  iU  inliiMmt 
must  be  so  mucli  the  more  sensible  as  it  beats  a  greater  po- 
portion  to  the  impulse  on  the  sails.  A  ship  under  onmi^ 
or  cloBc-reeted  topsails  and  courses,  must  nmke  more  le& 
way  than  when  under  all  her  canvas  trimmed  to  tor  tuK 
angle.  But  to  introduce  this  additional  cause  of  dcnuim 
here,  would  render  the  investigation  too  complioucd  lo  fai 
ofnny  use. 

436.  This  doctrine  will  be  considerably  iUustrated  by  at 
tending  to  the  manner  in  which  a  lighter  is  tracked  aloogi 
canal,  or  swings  to  its  anchor  in  a  stream.  The  tiscJc  npt 
is  made  fast  to  some  staple  or  bolt  E  on  the  deck  (Flue  X. 
(ig.  i),  and  is  passed  between  two  of  the  timber-heads  of 
the  bow  at  D,  and  laid  hold  of  at  F  od  shore.  The  men  nr 
cattle  walk  aloni;  the  path  FG,  the  rope  keeps  cxieniied  ia 
the  direction  DF,  and  the  lighter  arranges  itself  in  «d  oU 
lique  position  AB,  and  is  thus  dragged  along  in  the  dine- 
tiun  a  b,  parallel  to  the  side  of  the  canal.  Or,  if  the  unit 
has  a  current  in  the  opposite  direction  b  a,  the  lighter  o^ 
be  kept  steady  in  its  place  by  the  rope  DF  made  ftstlsi 
post  at  F.  In  tills  case,  it  is  always  observed  tlial  theE^ 
er  swings  in  a  position  AB,  which  is  oblique  to  the  Dim 
a  b.  Now  the  force  which  retains  it  in  this  position,  ml 
which  precisely  balances  the  action  of  the  stream,  is  coi^ 
ly  exerted  in  the  direction  DF  ;  and  the  lighter  would  b 
held  in  the  same  manner  if  ihe  rope  were  made  fast  it  C 
amidship,  without  any  dependence  on  the  limberheads  atDi 
and  it  would  still  be  held  in  the  same  position,  if,  insleidcf 
the  single  rope  CF,  it  were  riding  by  two  nipea  CGnd 
CH,  of  which  CH  is  in  a  direction  right  aliead,  but  obfiqw 
tu  the  Btreani,  nud  the  ether  CG  is  perpendicular  to  CD  <l 
AB.  And,  drawing  DI  and  DK  perpendicular  to  AB  iti 
CO,  the  strain  on  the  rope  CH  is  to  that  on  the  ropeCGa 
CI  to  CK.  The  action  of  the  rope  ia  these  casies  is  preci» 
)y  analogous  to  that  of  the  taiiy  Y ;  and  the  ubtiquitjr  of 
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^Ke  keel  to  the  direction  of  the  motion,  or  to  the  direction 
^K  the  stream,  is  analogous  to  the  leeway.  All  this  must 
^fc  evident  to  any  person  accustomed  to  mechanical  disqui- 
^Btions. 

^B  437.  A  most  important  use  may  be  made  of  this  tUuatra- 
^■Dn.  If  an  accurate  model  be  made  of  a  ship,  and  if  it  be 
Bwaced  in  a  stream  of  water,  and  ridden  in  this  manner  by  a 
■Xope  made  fast  at  any  point  D  of  the  bow,  it  will  arrange  it- 
■^  in  some  determined  position  AB.  There  wilt  be  a  cer- 
^^U  obliquity  to  the  stream,  measured  by  the  angle  Bob; 
^■kI  there  will  be  a  corresponding  obliquity  of  the  rope,  mea- 
^Mred  by  the  angle  FCB.  Let  y  CY  be  perpendicular  to 
^BF.  Then  CY  will  be  the  position  of  the  yard,  or  trim  of 
^■te  sails  corresponding  to  the  leeway  b  CB.  Then,  if  we 
^Buft  the  rope  to  a  point  nf  the  bow  distant  from  I>  by  a 
^HUll  quantity,  we  shall  obtain  a  new  pohition  uf  the  ship, 
^Btb  with  respect  to  the  stream  and  the  rope ;  and  in  this 
^ny  may  be  obtained  the  relation  lietween  the  position  of 
^Be  sails  and  the  leeway,  inde))endent  of  all  theory,  and 
^Ksceptible  of  great  accuracy  ;  and  this  may  be  done  with 
^ft  variety  of  models  suited  to  the  most  usual  forms  of  ships. 
^K.-43S.  In  farther  thinking  on  this  subject,  we  arc  persuad- 
^Bkthat  these  experiments,  instead  of  being  made  on  models, 
^■toy  with  equal  ease  be  made  nn  a  ship  of  any  size.  Let 
^Be  ship  ride  m  a  stream  at  a  mooring  D  (Plate  X.  fig.  3.) 
^b  means  of  a  short  hawser  BCD  from  her  bow,  having  a 
^bring  AC  on  it  carried  out  from  her  quarter.  She  will 
^Ving  to  her  moorings,  till  she  ranges  herself  in  a  cerlain 
^Hfution  AB  with  respect  to  the  direction  a  £  of  the  stream : 
^ftd  the  hawser  DC  will  be  directed  to  some  point  E  in 
^K  line  of  the  keel.  Now,  it  is  plain  to  any  person  ac- 
^Hunted  with  mechanical  disquisitions,  that  the  deviation 
^K  h  is  precisely  the  leeway  tliat  the  ship  will  make  when 
^Be  average  positiim  of  the  sails  is  that  of  the  line  GEHper- 
Bpndicular  to  ED  ;  at  least  (his  will  give  the  leeway  which 
"b  produced  by  the  sails  alone.     By  heaving  on  the  spring. 
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iheLnotC  may  be  brought  inioany  od; 
and  for  every  new  potution  of  tbe  knot  the  &faip  will  Ukc 
a  new  position  with  r«t|:ect  to  ihe  stream  and  to  the  banct 
And  we  persist  in  saying,  that  more  information  will  be  pX 
by  Ibis  train  of  experiments  than  from  any  msUicnntical 
theory  :  for  all  theories  of  the  impulses  of  flutls  miDt  pi^ 
ceed  on  physical  postulates  with  respect  to  Uic  mooowgl 
tlie  filaments,  which  arc  esceetbnf  ly  conjectoraL 

439.  And  it  must  now  be  failher  obaen-ed.  that  llwiub- 
stitution  which  we  have  nude  at'  an  obloog  puallekfiipal 
for  a  ahjp,  although  well  suited  to  give  ub  dear  notiom  of 
ibe  subject,  is  of  small  use  in  practice  :  for  it  is  imt  to  im> 
pos«ble  (even  granting  the  theory  of  obftquc  iupuLdnb) u 
make  this  substitution.  A  ^ip  is  of  a  fbrm  wbich  is  not 
reducible  to  equations;  and  thervfure  the  action  of  the  «Mv 
on  her  bow  or  broadside  can  only  be  had  by  a  maU  UntieH 
and  intricate  calculation  for  aliDost  every  square  foot  d  n 
surface.  (See  BetotU's  Court  de  MatAtm.  voL  5.  p.  7%  he) 
And  this  must  be  different  for  every  ship^  But,  vhidi  ii 
more  unlucky,  when  we  have  got  a  parallelopiped  which  nU 
have  Ihe  same  proportion  of  direct  and  lateral  tewtantfa 
a  particular  angle  of  leeway,  it  will  not  attswer  laraaKkl 
leeway  of  the  same  ship;  for  when  the  leeway  cha^n^At 
figure  actually  exposed  to  the  action  n(  tbe  water  Auga 
also.  When  the  leeway  is  increased,  more  of  ibt  bt- 
(]uartcr  is  acted  on  by  (he  water,  and  a  puut  of  the  wwbs- 
bow  is  now  removed  from  its  action.  Aoother  fafalldBfi- 
pcd  must  therefore  be  discovered,  wltose  TeststanoesthdlRdi 
this  new  position  of  the  keel  with  respect  to  the  ml  cmmr 
of  the  ship. 

We  therefore  lieg  leave  to  recommend  this  tram  ofeq*- 
riments  to  the  notice  of  the  Association  fob  the  Innora- 
HKNT  OF  Naval  Arcbitbctobe  as  a  very  pnanan^  ■» 
thnd  for  ascertaining  this  important  point.  And  we  pa- 
reed,  in  the  tKxt  place,  to  ascertain  (he  relation  betwM 
the  vekvity  of  the  ship  and  that  of  the  wind. 
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llhey  may  be  by  the  trim  of  the  sails  and  the  obliquity  of  the 
'mpulse. 

440.  Let  AB  (Plate  X.  fig.  4,  5,  and  6.)  represent  the 

torizotital  section  of  a  ship.      In  place  of  all  the  drawing 

uls,  that  is,  the  sails  which  are  realiy  filled,  we  can  always 

lubstitulc  one  tail  of  equal  extent,  trimmed  to  the  same  angle 

ith  the  keel.     This  being  supposed  attached  to  the  yard 

CD,  let  this  yard  be  first  of  all  at  right  angles  to  the  keel, 

«  represented  in  Plate  X,  fig.  4.     Let  the  wind  blow  in  the 

Klion  WC,  and  let  CE  (in  the  direction  WC  continued) 

{present  the  velocity  V  of  the  wind.     Let  CF  be  the  velo- 

nty  o  of  the  ship.     It  must  also  be  in  the  direction  of  the 

llip's  motiuD,  because  when  the  sail  is  at  right  angles  to  the 

eel,  the  absolute  impnlse  on  the  soil  is  in  the  direction  of 

e  keel,  and  there  in  no  lateral  impulse,  and  cun»cquenily 

»  leeway.     Draw    EF,  and   complete  the    parallelogram 

EFE  r,  producing  e  C  llii-ough  the  centre  of  the  yard  to  w. 

then  w  C  will  be  the  relative  or  apparent  direction  of  the 

bid,  and  C  e  or  FE  will  be  its  apparent  or  relative  veloci- 

:  For  if  the  line  C  e  be  carried  along  CF,  keeping  always 

faiiel  to  its  first  position,  and  if  a  particle  of  air  move  uni. 

miy  along  CE  (a  fixed  line  in  absolute  space)  in  the  same 

me,  this  particle  will  always  be  found  in  that  point  of  CE 

ifaere  it  is  intersected  at  that  instant  by  the  moving  line 

P  e ;  so  that  if  C  e  were  a  tube,  the  particle  of  air,  which 

slly  moves  in  the  line  CE,  would  always  be  found  in  the 

tube  C  e.     While  CE  is  ihe  real  direction  of  the  wind,  C  e 

ill  be  the  position  of  the  vane  at  the  mast  head,  which  will 

refore  mark  the  apparent  direction  of  the  wind,  or  its  mo- 

1  relative  to  the  moving  ship. 

We  may  conceive  this  in  another  way.     Suppose  a  can- 

1  shot  tired  in  the  direction  CE  at  tlie  passing  ship,  and 

Iwt  it  passes  through  the  mast  at  C  with  the  velocity  of  the 

Ind.     It  win  not  pass  through  the  oft'side  of  the  ship  at  P, 

A  the  line  CE  :  for  while  the  shot  moves  from  C  to  1*,  the 

int  F  has  gone  forward,  and  the  point  p  is  now  in  the 


VVi  BEAUAKSHIP. 

place  where  P  was  when  tlie  shot  passed  Uiiwigh  Atn 
The  shot  will  therefore  pass  through  the  ship's  iide  in  Iht 
point  p,  and  a  person  on  hoard  seeing  il  pass  through  C  ud 
}i  will  say  that  its  motion  was  in  the  IJneC  /»■ 

441.  Tluis  it  happens,  that  when  a  sliip  is  in  laobon  the 
apparent  direction  of  the  wind  is  always  ahead  of  it«  ml  dk 
recljon.  The  line  w  C  is  alwsya  founfl  within  the  loglr 
WCB.  Il  is  easy  to  see  from  the  construction,  thu  ibr 
difference  between  the  real  and  apparent  direction*  of  tit 
wind  is  so  much  more  remarkable  as  the  velocity  of  the  thip 
is  greater :  For  the  an^le  WC  w  or  KC  c  depends  on  tbf 
magnitude  ol'E  c  or  CF,  in  proportion  to  CE-  Pcnoww 
much  accustomed  to  attend  to  these  matters  arc  apt  totbink 
all  attention  to  this  difference  to  be  notliiog  but  affecOM 
of  nicely.  They  have  no  notion  that  the  velocity  of  ■  iblp 
can  have  any  sensihle  proportion  lo  that  of  the  wind.  "SHt 
as  the  wind"  is  a  proverbial  expression ;  yet  the  rt\oa[fd 
a  sliip  always  hears  a  very  sensible  proportion  to  tbati 
wind,  and  even  very  frequently  exceeds  iL  We 
a  pretty  exact  notion  of  the  velocity  of  the  wind  by  < 
tng  the  shadows  of  the  summer  clouds  flyin|r  along  i 
(ifa  countr}',  and  it  may  be  very  well  measured  by 
thod.  The  motion  of  such  clouds  canoot  be 
from  that  of  the  air  below  ;  and  wben  the  pressorci 
wind  on  a  flat  surface,  while  blowing  with  a  velodty  iMMfr 
cd  in  this  way,  is  compared  with  its  pressure  Mbro  iu«d» 
city  is  measured  by  more  unexceptionable  metbodt,  Arjm 
found  to  agree  with  all  desirable  accuracy-  Now  tiwr» 
tionsofthis  kind  frequently  repealed,  show  that  «fH(«t 
cjiU  a  pleasant  brisk  gale  blows  at  the  rate  of  about  10  ads 
an  hour,  or  alxiut  1 5  feet  in  a  second,  and  exctts  a  pRMR 
of  hdf  a  pound  on  a  square  fool.  Mr.  Soieaun  hv  fe 
quently  observed  the  sails  of  a  windmill,  driven  by  iwkl 
wind,  moving  faster,  nay  much  faster,  towanis  ihdr  tssm- 
niities,  so  that  the  sail,  instead  of  being  pressed  lo  Ibe  fii^ 
on  the  arms,  was  taken  aback,  and  fluttering  oo  difH.  In^ 


Dd.  "iwt 
rt]aacjd    . 
tbAdM 

sundmM 


GEAMAKSHIF.  tKU 

know  that  a  good  ship,   with  all  her  sails  set  and  the 

ind  on  the  beam,  will  in  such   a  situation  sail  above  lO 

Bots  an  hour  in  smootli   water.     There  is  an  observation 

i»de  by  every  experienced  seaman,  which  shows  this  dii- 

irence  between   the  real  rind  apparent  directions  of  the 

ind  very  distinctly.     When  a  ship  tliat  is  saihng  briskly 

itii  the  wind  on  the  beam  tacks  about,  and  then  sails 

^ually  well  on  die  other  tack,  the  wind  always  appears  to 

ave  shifted  and  come  more  ahead.     This  is  famihar  to  all 

eamen.     The  seaman  judges  of  the  direction  of  the  wind 

y  the  position  of  the  ship's  vanes.     Suppose  the  ship  saiU 

Jg  due  west  on  the  starboard  tai-k,  with  the  wind  apparent- 

f  N.  N.  W.  the  vane  ptjiniing  S.  S.  E.     If  the  ship  puts 

lut,  and  stands  due  east  on  the  larboard  tack,  the  vane 

'ill  be  found  no  longer  to  point  S.S.  E.  but  perhaps  S.S.W, 

the  wind  appearing  \.  N.  E.  and   the  ship  must  be  nearly 

elosehauled  i.-i  order  to  make  an  east  course.     The  wind 

ippearsto  have  shifted  fourpoints.     Iftheshiplacksagait), 

"le  wind  returns  to  its  old  quarter.     We  have  often  ob- 

Tved  a  greater  difterence  than  this.     The  celebrated  oatro- 

itner  Dr.  Bradley,  taking  the  amusement  of  sailing  in  a 

innace  on  the  river  Thames,  observed  this,  and  was  sur- 

rised  at  it,  imagining  that  the  change  of  wind  was  owing  to 

le  approaching  to  or  retiring  from  the  shore.     The  boat^ 

len  told  him  that  it  always  happened  at  sea,  and  explained 

it  to  him  in  the  best  manner  they  were  able.     The  explana- 

in  struck  him,  and  set  him  a  musing  on  an  astronomical 

lenomenon  which  he  had  been  puzzled  by  fur  some  years, 

hich  he  called  th)^ ABeHUAiioKoFTHii:  yixen  stabs. 

[very  star  clianges  its  place  a  small  matter  for  halt'  a  year, 

returns  to  it  at  the  completion  of  the  year.      He  eom- 

d  the  stream  of  light  from  the  star  to  the  wind,  and  the 

telescope  of  the  astronomer  to  the  ship's  vane,  while  the  earth 

wta  hke  the  ship,  moving  in  opposite  directions  when  in  the 

bpposite  points  of  its  orbit.     The  telescope  must  always  be 

pointed  ahead  of  the  real  direction  of  the  star,  in  the  same 
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manner  as  the  vane  is  always  in  a  direction  ahead  of  l!l^ 
wind ;  and  ihus  lie  a^ertained  ihe  progressive  motion  of 
light,  and  disi-overed  the  proportion  of  its  velocity  to  the  t^ 
locity  of  the  earth  in  its  orbit,  by  observing  the  deviatiM 
which  was  necessarily  given  to  the  telescupe.  Obaerrii^ 
that  the  light  shifted  its  direction  about  40',  he  condiklKi 
its  velocity  to  be  about  1 1 ,000  timea  greater  than  that  of  the 
earth ;  just  a«  the  intelligent  seaman  would  conclude  fnm 
this  apparent  sbifciag  of  the  wind,  that  tlie  velocity  of  the 
wind  is  about  triple  that  of  tlie  ship.  Thb  ta  indeed  the 
best  method  for  discovering  the  velocity  of  the  wind.  Let 
the  direction  of  the  vane  at  the  mast-head  be  very  accurate- 
ly noticed  un  Ixilh  tacks,  and  let  the  velocity  of  the  ship  be 
also  accurately  measured.  The  angle  between  tbe  directMoi 
of  tbe  ship's  head  on  these  different  tacks  being  h&lved,  will 
give  the  real  direction  of  the  wind,  which  must  be  compared 
with  the  position  of  the  vane  in  order  to  determine  the  angle 
contained  between  the  real  and  apparent  directions  of  tbe 
wind  or  tbe  angle  EC  e ;  or  half  of  (he  observed  shifting  of 
the  wind  will  show  the  inchnatlon  of  its  true  aitd  apparent 
directions.  This  being  found ,  ihe  proportion  of  £C  to  FC 
(Plate  X.  fig.  G.)  IS  easily  measured. 

We  have  been  very  particular  on  this  point,  because  since 
the  mutual  actions  of  bodies  depend  on  their  relative  mo- 
tions only,  we  should  make  prodigious  mistakes  if  we  esti- 
mated the  action  of  the  wind  by  its  real  direction  and  veloci- 
ty, when  they  differ  so  much  from  the  relative  or  apparent. 

449.  We  now  resume  the  investigation  of  the  velocity  of 
the  ship  (Plate  X.  fig.  4.;,  having  its  sail  at  right  anglcito 
the  keel,  and  the  wind  blowing  in  tlie  direction  and  with  the 
velocity  CIC,  while  the  ship  proceeds  in  the  direction  of  the 
keel  with  the  velocity  CF.  Produce  E  e,  which  is  parallel 
to  BC,  till  it  meet  the  yard  in  g,  and  draw  FG  perpendicu- 
lar to  £  g.  Let  a  represent  the  angle  WOD,  contained  be- 
tween tlie  sail  and  the  real  direction  of  the  wind,  i 
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be  the  angle  of  trim  DCB.     C£  the  velocity  of  the  wind 
was  expressed  by  V,  and  CF  the  velocity  of  the  ship  by  v. 

The  absolute  impulse  on  the  sail  is  (by  the  usual  theory) 
proportional  to  the  square  of  the  relative  velocity,  and  to 
the  square  of  the  sine  of  the  angle  of  incidence ;  that  is,  to 
FE«  X  sin.*  w  CD.  Now  the  angle  GFE  =  w  CD,  and  EG 
is  equal  to  F£  x  sin.  GFE;  and  EG ns  equal  to  E^ — g  G. 
ButEgr  =  EC  X  sin.ECg-,=:V  x  sin.a;  andg^G=CF, 
=  V.  Therefore  EG  ==  V  x  sin*  a— -v^  and  the  impulse  is 
proportioual  to  V  x  si^*  ^ — ^  *•  If  S  represent  the  surface 
of  the  sail,  the  impulie,  in  pounds,  will  be  n  S  (V  x  sin* 
a  —  vy. 

Let  A  be  the  surface  which,  when  it  meets  the  water  per- 
pendicularly with  the  velocity  Vy  will  sustain  the  same  pres- 
sure or  resistance  which  the  bows  of  the  ship  actually  meets 
with.  This  impulse,  in  pounds,  will  be  m  A  v'.  Therefore, 
because  we  are  considering  the  ship's  motion  as  in  a  state  of 
uniformity,  the  two  pressures  balance  each  other ;  and  there- 
in 
fore  mAo*  =  n  S  (V  X  sin.  a  —  «)«,  and  ~- Ao*=  S  (V  X  sin. 


a —  v)*;  therefore  ij  —  a/  A  X  v  =  a/s^X  V  X  sin.  a  — 

n 

, ,         V'  S  X  V  X  sin.  a      V  x  sin.  a     V  x  sin.  a 

We  see,  in  the  first  place,  that  the  velocity  of  the  ship  is 
(caitris  paribus)  proportional  to  the  velocity  of  the  wind, 
aad  to  the  sine  of  its  incidence  on  the  sail  jointly ;  for 
while  the  surface  of  the  sail  S  and  the  equivalent  surface  for 
the  bows  remains  the  same,  v  increases  or  diminishes  at 
the  same  rate  with  V-  sin.  a.  When  the  wind  is  right 
•stem,  the  sine  of  a  is  unity,  and  then  the  ship'^s  velocity  is 
V 
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Note,  that  the  denominator  of  this  fractioD  ia  i  e 
number ;  for  m  and  n  are  numbers,   and  A  ud  8 

quantities  of  one  kind,  -g^  is  also  a  number. 

It  must  also  be  carefully  attended  to,  that  S  exproani 
([uaotity  of  sail  actually  receiving  wlod  with  (be  indiouii 
a.  It  will  not  always  be  true,  therefore,  that  the  Tdudtr 
will  increase  as  the  wind  is  more  abaft,  because  soot  nik 
will  then  becalm  others.  This  observalioa  is  not,haweia, 
of  great  importance ;  for  it  is  very  unusual  to  put  a  «hb  Id 
the  situation  considered  hitherto ;  that  Is,  with  the  jn^ 
square,  unless  she  be  right  before  the  wind. 

If  we  would  discover  the  relation  betveen  ds  rAan 
and  the  quontiiy  of  sail  in  this  simple  case  of  the  «iad  litlil 

V 
aft,  observe  that  the  equation  c  : 


/m  A 


!>  +  ■  =  ' 

D  *,  and  - 


/"•A  mX 

'  (V t>)»  •  ""*  becaose  >  nd  • 


and  A  are  constant  quantities,  S  is  proportiomd  toTy— ,, 
or  the  surface  of  sul  is  proportkMoal  to  the  uuaretfik 
ihip's  velocity  directly,  and  to  the  aquare  of  (be  reiatiic  n- 
locitjr  inversely.  Thus,  if  a  ship  be  sailing  with  |  oTiIki*. 
lodty  of  the  wind,  and  we  would  have  ber  sail  witb  ■  af  ■ 
we  must  qoadruple  the  sails.  This  is  more  eaahioik 
aootber  way.  The  velocity  of  the  ship  is  pnwonkad  b 
the  vektdty  of  the  wind  ^  and  therefore  the  idabrevckaf 
is  dso  proponiaiial  to  that  of  the  wind,  aDd  the  B^Mkrf^ 
wind  b  as  the  squue  of  the  rektive  Telocity.  Tln^^k 
order  to  iocreast  the  reUave  velocitT  br  an  iniiii  atwl 
oiiy*  WT  most  ouke  this  inoea&e  of  ^^  ja  the  don^* 
fnfnnMD  of  the  increase  of  velaci^. 
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Let  us,  in  the  next  place,  consider  the  motion  of  a  ship 
lose  sails  stand  oblique  to  the  keei. 
4i3.  The  coQstruction  for  this  purpose  differs  a  little  from 
!  former,  because,  when  the  sails  are  trimmed  to  any  ob- 
ue  position  DCB  (Plate  X.  fig.  5.  and  6.),  there  must 
a  deviation  from  the  direction  of  the  keel,  or  a  leeway 
^A.     Call  this  X.     Let  CF  be  the  velocity  of  the  ship. 
',  as  before,  Eg  perpendicular  to  the  yard,  and  F6 
ndicular  to  Eg;  also  draw  FH  perpendicular  to  the 
:  then,  as  belbre,  EG,  which  is  in  the  subduplicate  ra- 
of  the  impulse  on  the  sail,  is  equal  to  Eg^Gg.     Now 
'•g  is,  as  before,  =  V  x  J*!"-  *<>  ^nd  Gg-  is  equal  to  FH, 
rhich  is  =  CF  X  sin.  FCH,  or=  a  X  sin.  (6  +  x).   There- 
re  we  have  the  impulse  —  n  S  (V-  sin.  a — d- sin.  (A  +  x)\k 
This  expression  of  the  impulse  is  perfectly  similar  to  that 
the  tbroier  case,  its  only  difference  consisting  in  the  sub- 
luctive  part,  which  is  here  u  x  t<u>  b  +x  instead  of  t>.    But 
expresses  the  same  thing  as  before,  viz.  the  diminution  of 
le  impulse.     The  impulse  being  reckoned  solely  in  the  di- 
ction perpendicular  to  the  sail,  it  is  diminished  solely  by 
le  sail  withdrawing  itself  tn  that  direcliun  from  the  wind; 
id  as  g'  E  may  be  considered  as  the  real  impulsive  motion 
'the  wind,  GE  must  be  considered  as  the  relative  and  ef- 
Ctive  impulsive  motion.  The  impulse  would  have  been  the 
ime  had  the  ship  been  at  rest,  and  had  the  wind  met  it 
erpendicularly  with  the  velocity  GE. 

k  We  must  now  show  the  connection  between  this  im- 
and  the  motion  of  the  ship.  Thcsail,  and  consequent- 
the  ship,  is  pressed  by  the  wind  in  the  direction  CI  pcr- 
icular  to  the  sail  or  yard  with  the  force  which  we  have 
ist  now  determined.  This  (in  the  state  of  uniform  motbn) 
illBt  be  equal  and  opposite  to  the  action  of  the  water.  Draw 
at  right  angles  to  the  keel.  The  impulse  in  the  direc- 
CI  (which  we  may  measure  by  CI)  is  equivalent  to  the 
opulaes  CL  and  LI.  By  the  first  the  ship  is  impelled  right 
Tward,  and  hy  the  second  she  is  driven  sidewise.     There- 
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I 
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fore  we  must  have  a  leeway,  and  a  lateral  as  watMB^a 
resistance.  We  suppose  the  fbrm  of  the  ^p  lokkva^ 
and  therefore  the  proportion  is  known,  or  oikmbiU^  W 
tweeathedirectand  lateral  resistances  corra^aidmfmtmj 
angle  x  of  leewity.  Let  A  be  the  surface  whom  pryai- 
cular  resistance  is  equal  to  the  direct  reaatanee  rftfed^ 
corresponding  to  the  leeway  x,  that  is,  wIkms  rtMatfa 
equal  to  the  resistance  really  felt  by  the  ^npi^msfc 
direi-lion  of  the  keel  when  she  is  Bailii^  with  Aa  b«r. 
and  let  B  in  like  manner  be  the  surface  whose  popoAifa 
resistance  is  equal  to  the  actual  renstaoee  U>  the  d^^ 
tion  in  the  direction  LI,  perpendicular  to  the  bad  (KA 
This  is  not  equivalent  to  A'  and  B*  adapced  ■»  Ata^ 
gularbox,  but  to  A'- COS. 'x  and  B'  sin.*z.)  Weh^t^A 

fore  A:B  =  CL:LI,  andLI=:  —^ —      AJn»  k^KO 

e  have  A :  v'"aT+B»  =  CL :  CL  J 


=  ^CL'+LIs  V 


CLVA'  +  B» 


The 


is  properly  measured  by  n  A  v-,  as  basbe^akn^A^' 
etl.     Therefore  the  resistance  in  the  £mdaa  K 
expressed  by  m  ^' A^  +  B*[  c' ;  or  (making  C  ^ 
which  is  etjual  to  'Z  A^  +B"',  and  winch  i 
the  same  perpendicular  resistance  to  tbe 
velocity  u)  it  may  bi  expressed  by  nt  C  e*- 

Thcrefore,  because  there  is  an  i  ijiiililai^ 
impulse  and  resistance,  we  liavem  C  i?*, ^aSC 

m 

an.  i  +  jc)*  and  "i^  C  u»,  or  9  C  w*  —  S  (V-  at . 

b  +  *)',  and  ^g  ^Cv  —  ^S  (V-sin.«  —  •  m 
Therefore  » 


■  V9v'C  +  v'S-. 


V^ 


V  y  ~7s  +  sin.  6  +  V 


.  =  v- 


Sin.  * 


•  ? 
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Observe  that  the  quantity  which  is  the  coefficient  of  V  in 
this  equation  is  a  common  number ;  for  sin.  a  is  a  number, 

being  a  decimal  fracdon  of  the  radius  1.   Sin.  6  4-^  ^^  ^so  a 

number,  for  the  same  reason.      And  since  m  and  n  were 

m 
numbers  of  pounds,  —  or  9  is  a  common  number.   And  be- 

C  . 
cause  C  and  S  are  surfaces  or  quantities  of  one  kind,  -g-  is 

also  a  common  number. 

This  is  the  simplest  expression  that  we  can  think  of  for 
the  velocity  acquired  by  the  ship,  though  it  must  be  acknow* 
ledged  to  be  too  complex  to  be  of  very  prompt  use.  Its 
complication  arises  from  the  necessity  ofintroducingthelee* 
way  X.  This  affects  the  whole  of  the  denominator ;  for  the 
surface  C  depends  on  it,  because  C  is  =  ^^  A'  +  B«,  and  A 
and  B  are  analogous  to  A'  cos.«  x  and  B'  sin.'  x. 

445.  But  we  can  deduce  some  important  oonsequenoes 
from  this  theorem. 

While  the  surface  S  of  the  sail  actually  filled  by  the  wind 
remwis  the  same,  and  the  angle  DCB,  which  in  future  w6 
shall  call  the  Trim  of  the  sails,  also  remains  the  same,  both 
the  leeway  x  and  the  substituted  surface  C  remain  the  same. 
The  denominator  is  therefore  constant ;  and  the  velocity  of 
the  ship  is  proportional  to  ^  S*  V*  sin.  a ;  t)iat  is,  directly 
as  the  velocity  of  the  wind^  directly  as  the  sine  of  the  abso- 
lute-inclination of  the  wind  to  the  yard,  and  directly  as  the 
square  root  of  the  surface  of  the  sails. 

We  also  learn  from  the  construction  of  the  figure  that  F6 
parallel  to  the  yard  cuts  CE  in  a  given  ratio.  For  CF  is  in 
a  constant  ratio  to  E  g,  as  has  been  just  now  demonstrated. 
And  the  angle  DCF  is  constant.  Therefore  CF  *  sin.  i,  or 
FH  or  G^,  is  proportional  to  "Eg^  and  OC  to  EC,  or  EC 
is  cut  in  one  proporticm,  whatever  may  be  the  angle  ECD, 
so  long  as  the  angle  DCF  is  constant 

We  also  see  that  it  is  very  possible  for  the  velocity  of  the 
alup  on  an  oblique  course  to  exceed  that  of  the  wind.    This 
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will  be  the  case  when  the  number     /      q 


?-g-+»n.4  +  ,ex- 

ceeds  unity,  or  when  sin.  a  is  greater  than  V  7  -^-  -(.  sin. 

b  +x.  Now  this  may  easily  be  by  sufficiently  enlaiging  S 
and  diminishing  b  +  x.  It  is  mdeed  frequently  seen  in  fine 
sailers  with  all  their  sails  set  and  not  hauled  too  near  the 
wind. 

We  remarked  above  that  the  angle  of  leeway  «  affects  the 
whole  denominator  of  the  fraction  which  expresses  the  velo* 
city.  Let  it  be  observed  that  the  angle  ICL  is  the  comple- 
ment of  LCD,  or  of  b.  Therefore  CL  :  LI,  or  A  :  B  = 
1  :  tan.  ICL,  =  1  :  cot.  &,  and  B  =z  A.  ootan.  b.  Now  A 
is  equivalent  to  A'  *  cos.*  x,  and  thus  b  becomes  a  function 
of  X.  C  is  evidently  so,  being  =  v^A*  +  B*,  Therefore 
before  the  value  of  this  fraction  can  be  obtained,  we  must 
be  able  to  compute,  by  our  knowledge  of  the  form  of  the 
ship,  the  value  of  A  for  every  angle  x  of  leeway.  This  can 
be  done  only  by  resolving  her  bows  into  a  great  number  of 
elementary  planes,  and  computing  the  impulses  on  each  and 
adding  them  into  one  sum.  The  computation  is  of  immense 
labour,  as  may  be  seen  by  one  example  given  by  Bouguer. 
When  the  leeway  is  but  small,  not  exceeding  ten  degrees, 
the  substituUon  of  the  rectangular  prism  of  one  determined 
form  is  abundantly  exact  for  all  leeways  contained  within 
this  limit ;  and  we  shall  soon  see  reason  for  being  contented 
with  this  approximation.  We  may  now  make  use  of  the 
formula  expressing  the  velocity  for  solving  the  chief  pro- 
blems in  this  part  of  the  seaman'^s  task. 

446.  And  first  let  it  be  required  to  determine  the  best  po- 
sition of  the  sail  for  standing  on  a  ^ven  course  a  &,  when 
C  E  the  direction  and  velocity  of  the  wind,  and  its  angle 
with  the  course  W  C  F,  are  given.  This  problem  has  ex- 
ercised the  talents  of  the  mathematicians  ever  since  the  days 
of  Newton.     In  the  article  Pneumatics  we  gave  the  solu- 


SEAMAMBHIF.  637 

D  of  one  very  nearly  related  tn  it,  namely,  to  determine 
e  posilton  of  the  sail  which  would  produce  the  greatest 
lipulse  in  the  direction  of  the  course.     The  sohiiion  was  to 
yard  CD  in  such  a  position  that  the  tangent  of  the 
gle  FCD  may  he  one-hidf  of  the  tangent  of  the  angle 
This  will  indeed  be  the  best  position  of  the  sail  for 
Iginning  the  motion;    but  as  soon  as  the  f'hip  bi'^as  to 
ibve  in  the  direction  CF,  the  cHective  impulse  of  the  wind 
It  diminished,  and  also  its  inchnation  to  the  sail.     The  an- 
!  DC  u>  diminishes  continually  as  the  ship  accelcralcs; 
r  CF  is  now  accompanied  by  its  equal  t  E,  and  by  an  an- 
t  EC  r,  or  WC  ir.     CF  increases,  and  the  impulse  on  the 
J  diminishes,  till  an  equilibrium  obtains  between  the  fe- 
nce of  the  water  and  the  impulse  of  the  wind.    Tlie  im- 
e  is  now  measured  by  C*i  X  sin.  =  f  CD  instead  of  CE' 
in.  '  ECD,  that  is,  by  EG'  instead  of  Eg^'. 
I  This  introduction  of  the  relative  motion  of  tho'vind  ron- 
lers  the  actual  solution  of  the  problem  extremely  difficult. 
'erj-  easily  expressed  geometrically  :  Divitle  the  angle 
pCF  in  such  a  manner  that  the  tangent  of  DCF  may  be 
If  of  the  tangent  of  DC  tc,  and  the  problem  may  be  con- 
nicted  geometrically  as  follows. 
\  Let  WCF  (Plate  X.  fig.  7.)  be  the  angle  between  the 
il  and  course.     Round  the  centre  C  describe  the  circle 
[FDFY ;    produce  WC  to  Q,  so  that  C  Q  =  i  W  C,  and 
i»w  QY  parallel  to  CF  cutting  the  circle  in  Y ;  bisect  the 
I  WY  ill  D,  and  draw  DC.     DC  is  the  proper  position 
If  the  yard. 

L.Draw  the  chord  WY,  cutting  CD  in  V,  and  CF  in  T ; 
p«w  the  tangent  PD  cutting  CF  in  S,  and  CY  in  R. 
litis  evident  that  WY,  PR,  are  both  perpendicular  to 
I,  and  are  biseclett  in  V  and  D ;  therefore  (by  reason  of 
I  parallels  QY,  CF)  1:3  =  QW :  CW,  =  YW  :  TW. 
:  SP.  Therefore  PD  :  PS  =  2  :  3,  and  PD  :  DS  - 
Q.  E.  D.  But  this  division  cannot  be  made  to  the 
lit  advantage  till  the  ship  has  attained  its  greatest  velocity, 
il  tile  angle  w  CF  has  been  produced. 
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We  muit  oontider  all  the  three  ai^e%  a,  h,  ^>d  s,  ■>  « 
mble  ia  the  eqiuUon  vhidi  OLpraees  the  vakte  ofr,  mI 
«re  must  nake  the  fluxioo  oflhiB  eqaatioa  =  «;  i!Ma,by 
nmans  of  the  equation  B  =  A-coun-  A,  «*  mut  otavB  ik 
value  eft  and  of  &  intenns  of  >  aad  x.  Wkkn^idMa, 
ofasene,  that  if  we  makelbean^  WCF=^«eba«t^= 
a  +  A  +  X  ;  and  p  being  a  tonwm  qtnaUtTT  ^  have  a  -f  i 
+  z '=  «.  Substituting  for  a,  Aw  ^  ^id  K  Aor  nka  ia 
terms  of  x  and  x,  bi  tlie  fiuxioaaiy  equattoB  =  «,  we  *B>fiy 
obUiD  X,  and  ih«n  a  aad  &.  afajob  nives  Ae  pnfcle^ 

Let  il  be  required,  in  the  not  pW«.  to  detoaiae  the 
cDone  aad  the  trim  of  the  aaiJa  Maat  VV^  '"  Pf!™V  ** 
wiBdward. 

M7.  Id  Plate  X.  fig.  G.  dn«  FP  fMpendJaltfto  WC. 
CF  IB  the  nottaa  of  the  sbip ;  bai  it  ■■  oailr  bw  the  mobm 
CP  dtatshegaimto  windward.  Now  CP  is  =  CF  X  MMl 
WCF,  ar  a-  covin,  {a+b  +s}.  Thas  hbS  he  loAnd a 
inuimuBi,  at  follows. 

Bj  aMaas  of  the  rqaariaa  whkdi  esyseaaea  ihe  vdac  oft 
aad  the  equation  B  =  A-  colan.  b,  we  eaiaianaa  the  quw 
titia  •  aad  i ;  «•  ihea  uke  the  Baxiia  of  the  qaaalirf  MM 
whidi  the  «j|aLiaiuQ  r  cos.  (a  -{-A  ^  «}  la  iLan^td  bf  Iha 
uperatiMi  M^iag  tfaii  iDoaiai  =  «,  «v  get  ihe  eqotfia 
which  >i(nt  coin  the  peoUea.  Thai  eqaaliaB  wiQ  ooatM 
thetoo  variaUcquaadbeaaadswsili  their  fcrnoM;  ihea 
aMke  &e  carfEoept  </  x  eqaal  ta  ^  afa*  the  eoeCbeai  of  a 
•qariaaa.  Thk  wil gnv  two aqoMkna  wlHch  wtU  detiT- 
■aiaea  aad  x,  aad  fi^ihia  weget  (=z^ — a — x. 

448.  Sba^itben|BiRd.alhetbd|^tt.tnfiadthr 
faestoMne  aad  tarn  of  the  aSafar  gettiaE  mmf  fioBa 
pteaiw^oBttCM  (FlaM  X.  %.  «.),  the  pRn»p» 
fccrij  icaaaUfs  thk  hat,  which  ■  m  bet  gettagnrnf  frMi 
•  beaf  eaaa  whaA  Malta  i  ri[.hi  i^ln  with  ihe  wiad. 
TVitfcw,  11  phoe  rfthe  aiagte  WCF,  we  MMt  aahatiUle 
lha«^WCM±WCF.  Cdlihit^^e:  We  aunt 
■afcer-cDh.  (e^:c^t:^<)aaasJBi^B.     T^  analjd* 
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process  is  the  same  as  the  former,  only  e  is  here  a  ooii> 
It  quantity. 

449,  These  are  the  three  priticipal  problems  which  can 

solved  by  means  of  the  knowledge  that  wc  have  obtain- 

uf  the  motion  of  the  ship  when  impelled  by  an  oblique 

a],  and  therefore  making  leeway:  and  they  may  be  con- 

]ered  as  an  abstract  of  this  part  of  M.  Bouguer's  work. 

fe  have  only  pointed  out  the  process  for  this  solution,  and 

ive  even  omitted  some  things  taken  notice  of  by  M.  Be- 

lut  in  bis  very  elegant  compendium.    Our  reasons  will  ap- 

!iar  as  we  go  on.     The  learned  reader  will  readily  see  the 

:trcme  difficulty  of  the  subject,  and  the  immense  calcula- 

hich  arc  necessary  even  in  the  simplest  cases,  and  will 

lat  that  it  is  out  of  the  power  of  any  but  an  expert  analyst 

derive  any  use  from  them;  but  the  mathemalician  can 

lulate  tables  for  the  use  of  the  practical  seaman.      Thus 

can  calculate  the  best  position  ofthesailis  for  Advancing  in 

ourse  90°  from  the  wind,  and  the  velocity  in  that  course; 

ai  for  85%  80,  73^,  kc.      M.  Bouguer  has  given  a  table 

of  this  kind  :   but  to  avoid  the  immense  difficulty  of  the 

he  has  adapted  it  to  the  apparent  direction  of  the 

rind.      We  have  inserted  a  few  of  his  numbers,  suited  to 

ich  coses  as  can  be  of  service,  namely,  when  all  the  sails 

raw,  or  none  stand  in  the  way  <if  others.      Column  Ist  is 

le  apparent  angle  of  the  wind  and  course ;  column  8d  i» 

le  corresponding  angle  of  the  sails  and  keel ;  and  coltiinii 

il  is  the  apparent  angle  of  the  sails  and  wind. 

I  2  3 


»CF 

DCB 

»(U 

103- 53' 

♦a»30' 

61'S3' 

99  13 

to  — 

50  13 

9i  25 

37  30 

56  65 

m  89 

35  — 

54  28 

S*  83 

32  30 

51  63 

I  —  25  — 
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In  all  tlicsc  numbers  we  have  the  tangent  of  v  CD  doahlr 
of  the  tangent  of  DCF. 

450.  But  this  is  really  dmng  but  little  for  the  i\nam 
The  apparent  directioo  of  the  wind  is  unknown  to  bin  ifl 
the  ship  iaauling  with  uaiform  velocity  ;  and  be  a  nillH». 
iDfonned  as  lo  the  leeway.  It  is,  howerer,  of  eerriee  to 
him  to  know,  for  instance,  that  when  the  angle  of  the  nuts 
and  yards  is  56  degrees,  the  yard  should  be  braoed  up  to 
37*  30-,  &c. 

But  here  occurs  a  new  difficulty.  By  the  constracticMi  tt 
a  GquEue-hgged  ship  it  is  impos^ble  to  give  the  yards  tkM 
inclination  to  the  keel  which  the  calculation  requires.  Few 
ships  can  have  their  yards  braced  up  to  37*  SCK;  ■adytt 
this  is  required  in  order  to  have  an  iucideticx  of  5^,  and  to 
hold  a  course  9V  S5'  from  the  apparent  direction  of  the 
wind,  that  is,  with  the  wind  apparently  4°  ^'  abift  lb 
beam.  A  good  sailing  ship  in  this  position  may  aeqniiea 
velocity  even  exceeding  that  of  the  wtitd.  Let  us  ui^qxM 
it  onlv  one  half  of  this  velocity.  We  shall  find  that  tbe 
angle  WC  tn  is  tn  this  case  about  29°,  and  the  ship  is  Dai- 
ly going  123"  from  the  wind,  with  the  wind  almost  perpen- 
dicular to  the  sail ;  therefore  this  utmost  bracing  up  of  the 
nils  is  only  giving  them  the  position  suited  to  a  wind  ivoid 
on  the  quarter.  It  is  impossible  therefore  to  ooa^y  «itb 
the  demand  of  the  mathematician,  and  the  """*"*  most  b 
contented  to  employ  a  less  favourable  disposttion  of  bit  wb 
in  all  cases  where  his  course  docs  not  lie  at  least  eleven  pmnu 
from  the  wind. 

Let  us  see  whether  this  restriction,  ariungfrom  neccv 
sity,  leaves  any  diing  in  our  choice,  and  maliea  one  roune 
preferable  to  another.  We  see  that  there  is  a  prodigious 
number  of  courses,  and  these  the  most  usual  and  (he  iocbI 
important,  which  we  must  bold  with  one  trim  of  the  niU; 
in  particular,  sailing  with  the  wind  on  tbc  beam,  ami  all 
cases  of  plying  to  windward,  mu$t  be  performed  with  ibis 
unfavourable  trim  of  the  sails.     We  are  certain  that 
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smaller  we  make  the  angle  of  incidence,  real  or  apparent, 
the  smaller  will  be  the  velocity  of  the  ship ;  but  il  may  hap- 
pen lliat  we  shall  gain  more  to  wlodAarJ,  or  get  sooner 
away  from  a  lee-coast,  or  any  object  of  danger,  by  sailing 
slowly  on  one  course  than  by  sailing  quickly  on  another. 

We  have  seen  that  wliilc  the  trim  of  the  sails  remains  the 
same,  the  leeway  and  the  angle  of  the  yard  and  course  re- 
mains the  same,  and  that  the  velocity  of  the  ship  is  ns  the 
sine  of  the  angle  of  real  incidence,  that  is,  as  the  sine  of  the 
angle  of  the  sail  and  the  real  direction  of  the  wind. 

Let  the  ship  AB  (Plate  X.  fig.  8.)  hold  the  course  CF, 
with  the  wind  blowing  in  the  direction  WC,  and  having  her 
yards  DCD  braced  up  to  the  smallest  angle  BCD  which  the 
rigging  can  admit.  Let  CF  be  to  CE  as  the  velocity  of  the 
ship  to  the  velocity  of  the  wind  ;  join  FE  and  draw  C  w 
parallel  to  EF ;  it  is  evident  that  FE  is  llie  relative  motion 
of  the  wind,  and  w  CD  is  the  relative  incidence  on  the  sail. 
Draw  FO  parallel  to  the  yard  DC,  and  describe  a  circle 
throngli  tlic  points  COF  ;  then  we  say  that  if  the  ship,  with 
the  same  wind  and  the  same  trim  of  the  same  drawing  sails, 
be  made  to  sail  on  any  pther  course  C/,  her  velocity  along 
CF  is  to  the  velocity  along  C/ as  CF  is  to  C/;  or,  in  other 
words,  tile  ship  will  employ  the  same  time  in  going  from  C 
to  any  point  of  the  circumference  CFO 

Join/0.  Then,  because  the  angles  CFO,  C/0  areon 
the  same  chord  CO,  they  are  equal,  and/O  is  parallel  to 
dC  d,  the  new  position  of  the  yard  corresponding  to  the 
new  jxisition  of  the  keel  a  i,  making  the  angle  ffC  t=DCB. 
Also,  by  the  nature  of  the  circle,  the  line  CF  is  to  C/as  the 
sine  of  the  angle  COF  to  the  sine  of  the  angle  CO  J,  that  is 
(on  account  of  the  parallels  CD,  OF  and  Cd,  Of,)  as  the 
sine  of  WCD  to  the  sine  of  WC  d.  But  when  the  trim  of 
the  saiU  remains  the  same,  the  velocity  of  the  ship  is  as  the 
sine  of  the  angle  of  the  sail  with  the  direction  of  the  wind ; 
iberefore  CF  is  to  C/aa  the  velocity  on  CF  to  that  on  C/, 
profmsition  is  demonstrated. 
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451-  Let  it  now  be  required  to  detennine  the  best  cma 
for  avoiding  a  rock  R  lying  in  the  direction  CR,  or  for  «i^ 
drawing  as  fast  an  possible  from  a  line  of  coast  PQ.  J)a§ 
CM  through  R.  or  paraiM  to  PQ,  and  let  m  be  t)ie  laMt 
of  thi  arch  C  m  M.  It  is  pbin  thai  m  is  the  ntwi  roMfe 
from  CM  of  any  point  of  llie  arch  C  m  M,  and  ihweftmik 
ship  will  rpcede  farther  from  the  coast  PQ  in  anj  gim 
time  by  holding  the  course  C  m  than  by  any  other  oxint 

This  course  is  easily  determined  ;  for  the  arch  CkH= 
360'  — (arch  CO+archOM).  and  the  arch  CO  ii  & 
measure  of  twice  the  angle  CFO,  or  twice  the  angle  DCB, 
or  twice  i  +  j:,  and  the  arch  OM  measures  twice  tbengit 
ECM. 

Thus,  suppose  the  sharpest  possible  trim  ofBietdhb 
be  33%  and  the  observed  angle  ECM  to  be  70" ;  then  C0+ 
O  M  is  70=  +  140*  or  210°.  This  being  taken  from  360", 
leaves  ISO",  of  which  the  half  M  m  is  75%  and  tfaeugk 
MC  m  is  37°  30".  This  added  to  ECM  makes  EC«  Iff? 
30',  leaving  WC  m-72-  30%  and  the  ship  must  bvJd  i 
course  making  an  angle  of  72°  30'  with  the  real  dircctioa  of 
the  wind,  and  WCD  will  be  37°  30. 

This  supposes  no  leeway.  But  if  we  know  that  underiD 
the  sail  which  the  ship  can  carry  with  safety  and  advmttgc, 
she  mokes  5  degrees  of  leeway,  the  angle  DC  n  ot  the  ail 
and  course,  or  b -\-  x,  is  40°.  Then  CO  +  OM  =  8S0', 
which  being  taken  frum  360°  leaves  140°,  of  which  the  InlT 
is  70*.  =  M  m,  and  the  angle  MC  m  =  35=,  and  EC  w  =  10?, 
and  \VC  m  =  75%  aod  the  sliip  must  lie  with  her  head  TV 
from  the  wind,  making  6  degrees  of  leeway,  and  the  angle 
WCD  is  36=. 

The  general  rule  for  the  po^iti<:Hi  of  the  ship  it,  tialAl 
liiu  on  thipboard  te/ikh  bisKti  the  angfe  b  +  x  Mtry  elm  haul 
Iht  angit  WCI^I.  or  make  the  angle  between  the  coaneind 
the  line  fn>m  which  we  wish  to  withdraw  equal  to  dieBn|^ 
between  the  sail  and  the  real  dtrectioa  of  the  wind. 
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[1453.  It  is  plain  that  this  problem  includes  that  of  plying  to 
idward.     We  have  only  to  suppose  ECM  to  be  90°; 


B  sbiu 


vith  the  same 


ng  our  txtunple  in  the  same  s! 
he  same  leewav,  we  have  b  -\-  x=^  40°.  This  taken 
n  90°  leaves  50^  antl  WC  )*  —  (10  —  25  =  65,  and  the 
lip's  head  must  lie  fiO°  from  the  wind,  and  the  yard  must 
p  25°  from  it. 

be  observed  here,  that  it  ts  not  always  eligible  to 
•elect  the  course  wliicli  will  remove  the  ship  fastest  from  the 
given  line  CM  ;  it  may  be  more  prudent  to  remove  from  it 
more  securely  though  more  slowly.  In  such  cases  the  pro- 
cedure is  very  simple,  ri;.  to  shape  the  tourse  as  near  the 
wind  as  is  possible. 

The  reader  will  also  easily  see  that  the  propriety  of  these 
practices  is  confined  to  those  coursesonly  where  the  practi- 
cable trim  of  the  sails  is  not  sufficiently  sharp.  Whenever 
tlje  course  Ues  so  far  from  the  wind  that  it  is  possible  to  make 
the  tangent  of  the  apparent  angle  of  the  wind  and  sail 
double  tlie  tangent  of  the  sail  and  course,  it  should  be 
done. 

453  These  are  the  chief  practical  consequences  which  can 
bededuced  from  the  theory.  But  we  should  consider  how  for 
llus  adjustment  of  the  sails  and  course  can  be  performed. 
And  here  occur  difficulties  so  great  as  to  make  It  almost  im- 
practicable. We  have  always  supposed  the  position  of  the 
surface  of  the  sail  to  be  distinctly  observable  and  measur- 
able ;  but  this  can  hardly  be  affirmed  even  with  respect  to 
a  sail  stretched  on  a  yard.  Here  we  supposed  the  surface  of 
the  sail  to  have  the  same  inclination  to  the  keel  that  the 
yard  has.  Tliis  is  by  no  means  the  case ;  the  sail  assumes 
a  concave  form,  of  which  it  is  almost  impossible  to  assign  the 
direction  of  the  mean  impulse.  We  believe  that  this  is  al- 
ways considerably  to  leeward  of  a  perpendicular  to  the  yard, 
lying  between  CI  and  CE  (Plate  X.  fig.  6.)  This  is  of  some 
jc,  being  equivalent  to  a  sharper  trim.  We  cannot 
a  this,  however,  with  any  confidence,  because  it  ri^nden 
'2 
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the  impulse  on  the  weather-leech  of  the  sail  so  exoeedinglj 
feeble  as  hardly  to  have  any  effect.  In  sailing  close  to  the 
wind  the  ship  is  kept  so  near  that  the  weather-leech  of  the 
sail  is  almost  ready  to  receive  the  wind  edgewise,  and  to  flut- 
ter or  shiver.  The  most  effective  or  drawing  sails  with  a 
side-wind,  especially  when  plying  to  windward,  are  the  stay- 
sails. We  believe  that  it  is  impossible  to  say,  with  any  thing 
approaching  to  precision,  what  is  the  position  of  the  general 
surface  of  a  staysail,  or  to  calculate  the  intensity  and  direc- 
tion of  the  general  impulse ;  and  we  affirm  with  confidence 
that  no  man  can  pronounce  on  these  points  with  any  exact- 
ness. If  we  can  guess  within  a  third  or  a  fourth  part  of 
the  truth,  it  is  all  we  can  pretend  to ;  and  after  all,  it  is  but 
a  guess.  Add  to  this,  the  sails  coming  in  the  way  of  each 
other,  and  either  becalming  them  or  sending  the  wind  upcm 
them  in  a  direction  widely  different  from  that  of  its  free  mo- 
tion. All  these  points  we  think  beyond  our  power  of  cal- 
culation, and  therefore  that  it  is  in  vain  to  give  the  seaman 
mathematical  rules,  or  even  tables  of  adjustment  ready  cal- 
culated ;  since  he  can  neither  produce  that  medium  position 
of  his  sails  that  is  required,  nor  tell  what  is  the  position 
which  he  employs. 

This  is  one  of  the  principal  reasons  why  so  little  advantage 
has  been  derived  from  the  very  ingenious  and  promising 
disquisitions  of  Bouguer  and  other  mathematicians,  and  has 
made  us  omit  the  actual  solution  of  the  chief  problems,  con- 
tenting ourselves  with  pointing  out  the  process  to  such  read* 
ers  as  have  a  relish  for  these  analytical  operations. 

454.  But  there  is  another  principal  reason  for  the  small 
progress  which  has  been  made  in  the  theory  of  seamanship : 
This  is  the  errors  of  the  theory  itself,  which  supposes  the 
impulsions  of  a  fluid  to  be  in  the  duplicate  ratio  of  the  nne 
of  incidence.  The  most  careful  comparison  which  has  been 
made  between  the  resiilts  of  this  theory  and  matter  of  fact, 
is  to  be  seen  in  the  experiments  made  by  the  members  of  the 
.1^*       Royal  Academy  of  Sciences  at  Paris,  mentioned  in  our  ar-* 


SEAMAXSHIP. 


645 


ticle  on  the  Resistance  of  Fluids,  We  subjoin  another  ab- 
stract of  them  in  the  following  table ;  where  col.  1st  gives 
the  angle  of  incidence ;  col.  2d  gives  the  impulsions  really 
observed ;  col.  3d  the  impulses,  had  they  followed  the  du- 
plicate ratio  of  the  sines ;  and  col.  4th  tlie  impulses,  if  they 
irere  in  the  simple  ratio  of  the  sines 


Ant^i. 

Iiiipui* 

llll|>litN< 

iui{4Ui8e 

oi 

8  ion 

as 

at 

Incid. 

observed. 

Siue3. 

Siiif. 

90 

1000 

1000 

1000 

84 

989 

989 

995 

78 

958 

957 

978 

72 

908 

905 

951 

66 

845 

835 

914 

60 

771 

750 

866 

54 

693 

655 

809 

48 

615 

552 

743 

42 

543 

448 

669 

S6 

480 

346 

587 

30 

440 

250 

500 

24 

424 

165 

407 

18 

414 

96 

309 

12 

406 

43 

208 

6 

400 

11 

105 

Here  we  see  an  enormous  difference  in  the  great  obliqui- 
ties. When  the  angle  of  incidence  is  only  six  degrees,  the 
observed  impulse  is  forty  times  greater  than  the  theoretical 
impulse;  at  12°  it  is  ten  times  greater;  at  IS''  it  is  more 
than  four  times  greater ;  and  at  24""  it  is  almost  three  times 
greater. 

No  wonder  then  that  the  deductions  from  this  theory  ^re 
so  useless  and  so  unlike  what  we  familiarly  obser\'^.  We 
took  notice  of  this  when  we  were  considering  the  leeway  of 
a  rectangular  box,  and  thus  saw  a  reason  for  admitting  an 
incomparably  smaller  leeway  than  what  would  result  from 
the  laborious  computations  necessary  by  the  theory.  This 
error  in  theory  has  as  great  an  influence  on  the  impulsions 
of  air  when  acting  obliquely  on  a  sail ;  and  the  experiments 
pf  Mr.  Robins  and  of  the  Chevalier  Borda  on  the  oblique 
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impulsions  of  air  are  perfectly  confotniable  (ta  tar  as  tbej 
go)  to  those  of  the  academicians  on  water.  The  obliqiie 
impulsions  of  the  wind  are  therefore  much  more  efBcadoiis 
for  pressing  the  ship  in  the  direction  of  her  course  than  the 
theory  allows  us  to  suppose ;  and  the  progress  of  a  ship 
plying  to  windward  is  much  greater,  bodi  because  the  ob- 
lique impulses  of  the  wind  are  iliore  efl^MiUve,  and  because 
the  leeway  is  much  smaller,  than  we  suppose.  Were  not 
this  the  case,  it  would  be  impossible  for  a  square>rigged  ship 
to  get  to  windward.  The  impulse  on  her  seals  when  close 
hauled  would  be  so  trifling,  that  she  would  not  have  a  third 
part  of  the  velocity  which  we  see  her  acquire :  and  this 
trifling  velocity  would  be  wasted  in  leeway ;  for  we  have 
seen  that  the  diminution  of  the  oblique  impulses  of  the  water 
is  accompanied  by  an  increase  of  leeway.  But  we  see  tiutt 
in  the  great  obliquities  the  impulsions  continue  to  be  very 
considerable,  and  that  even  an  incidence  of  six  degrees  gives 
an  impulse  as  great  as  the  theory  allows  to  an  incidence  of 
40.  We  may  therefore,  on  all  occa^ons,  keep  the  yards 
more  square ;  and  the  loss  which  we  sustain  by  the  diminu- 
tion of  the  very  oblique  impulse  will  be  more  than  compen- 
sated by  its  more  favourable  direction  with  respect  to  the 
ship^s  keel.  Let  us  take  an  example  of  this.  Supjiose  the 
wind  about  two  points  before  the  beam,  making  an  angle  of 
68**  with  the  keel.  The  theory  a«;signs  43**  for  the  inclina- 
tion of  the  wind  to  the  sail,  and  25°  for  the  trim  of  the  sail. 
The  perpendicular  impulse  being  supposed  1000,  the  theo- 
retical impulse  for  43°  is  465.  This  reduced  in  the  propor- 
tion of  radius  to  the  sine  of  25°,  gives  the  impulse  in  the  di- 
rection of  the  course  only  197. 

But  if  we  ease  off  the  lee-braces  till  the  yard  makes  an 
angle  of  50°  with  the  keel,  and  allows  the  wind  an  incidence 
of  no  more  than  18%  we  have  the  experimented  impulse  414, 
which,  when  reduced  in  the  proportion  of  radius  to  the  sine 
df  50°,  gives  an  effective  impulse  317.  In  like  manner,  the 
trim  56%  with  the  incidence  12%  gives  ati  effective  impulse 
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597;  and  the  trim  62°,  with  the  incidence  only  6*,  gives 
353. 

Hence  it  would  at  first  sight  appear  that  the  an^ie  BCB 
of  62°  and  WCD  of  6°  would  be  better  tor  holding  a  course 
within  six  points  of  the  wind  than  any  more  oblique  position 
,pf  the  sails  ;  but  it  will  only  give  a.  greater  initiid  impulK. 
As  the  ship  accelerates,  the  wind  apparently  conies  aliead, 
And  we  must  continue  to  brace  up  as  the  ship  freshens  her 
way.  It  is  not  unusual  for  her  to  acquire  half  or  two  thirds 
of  the  velocity  of  the  wind  ;  in  which  case  the  wind  comes 
^pareatty  ahead  more  than  two  points,  when  the  yards  must 
be  braced  up  to  35°,  and  this  allows  an  impulse  no  greater 
than  about  7°.  Now  this  is  very  frequently  observed  in  good 
ehips,  which  in  a  briak  gule  and  smooth  water  will  go  6ve 
or  six  knots  close-hauled,  the  ship's  head  mx  points  from  the 
wind,  and  the  sails  no  more  than  just  full,  but  ready  to 
shiver  by  the  smallest  luiT.  All  this  would  be  impossible 
by  the  usual  theory ;  and  in  this  respect  these  experiments 
of  the  French  academy  give  a  tine  illustration  of  the  sea- 
man's praatice.  They  account  for  what  we  should  other- 
wise be  much  puzzled  to  explain  ;  and  the  great  progress 
which  is  made  by  a  ship  close-hauled  being  perfectly  agree- 
able to  what  we  should  expect  from  the  law  of  oblique  im- 
pulsion deduciblc  from  these  so  often  men  tioued  experiments, 
while  it  is  totally  incompatible  wUh  the  common  theory, 
should  make  us  abandon  the  theory  without  hesitation,  and 
strenuously  set  al)out  the  establishment  of  another,  founded 
entirely  on  experiments.  Fur  this  purpose  the  experiments 
should  be  made  on  the  oblique  impulsions  ofairou  as  groat 
a  scale  as  possible,  and  in  as  great  a  variety  of  circumstan- 
ces, so  as  to  furnish  a  series  of  impulsions  for  all  angles  of 
obhquity.  We  have  but  four  or  five  experiments  on  this 
subject,  1112.  two  by  Mr.  Robins  and  two  or  three  by  Borda. 
Having  thus  gotten  a  series  of  impulsions,  jl  is  very  practi- 
cable to  raise  on  this  foundation  a  practical  institute,  and  to 
give  a  table  of  the  velodties  of  a  ship  suited  to  every  angle 
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of  inclination  and  of  trim  ;  for  nothing  is  more  certain  than 
tlie  resolution  of  the  impulse  perpendicular  to  the  sail  into  a 
force  in  the  direction  of  the  keel,  and  a  lateral  force. 

456.  We  are  also  disposed  to  think  that  experiments  might 
be  made  on  a  model  very  nicely  rigged  with  smis,  and  trim- 
med in  every  different  degree,  which  would  point  out  the 
mean  direction  of  the  impulse  on  the  sails,  and  the  compa- 
rative force  of  these  impulses  in  different  directions  of  the 
wind.  The  method  would  be  very  similar  to  that  for  exa- 
mining the  impulse  of  the  water  on  the  hull.  If  this  can  al- 
so be  asceitained  experimentally,  ttie  intelligent  reader  will 
easily  see  that  the  whole  motion  of  a  ship  under  sail  may  be 
determined  for  every  case.  Tables  may  then  be  construct- 
ed by  calculation,  or  by  graphical  operations,  which  will 
give  the  velocities  of  a  ship  in  every  different  course,  and 
corresponding  to  every  trim  of  sail.  And  let  it  be  here  ob- 
served, that  the  trim  of  the  sail  is  not  to  be  estimated  in  de- 
grees of  inclination  of  the  yards ;  because,  as  we  have  akeady 
remarked,  we  cannot  observe  nor  adjust  the  lateen  sails  in 
this  way.  But,  in  making  the  experiments  for  ascertaining 
the  impulse,  the  exact  position  of  the  tacks  and  sheets  of  the 
soils  arc  to  be  noted ;  and  this  con)bination  of  adjustments 
is  to  pass  by  the  name  of  a  certain  trim.  Thus  that  trim  of 
all  the  sails  may  be  called  40,  whose  direction  is  experiment- 
ally found  equivalent  to  a  flat  surface  trimmed  to  the  obli- 
quity 40°. 

Having  done  this,  we  may  construct  a  figure  for  each 
trim  similar  to  Plate  X.  ^g.  8.  where,  instead  of  a  circle,  we 
shall  have  a  curve  COM'F%  whose  chords  CF',  C/',  &c.  are 
proportional  to  the  velocities  in  these  courses  ;  and  by  means 
of  this  curve  we  can  find  the  point  wi',  which  is  most  remote 
from  any  line  CM  from  which  we  wish  to  withdraw :  and 
thus  we  may  solve  all  the  principal  problems  of  the  art. 

457.  We  hope  that  it  will  not  be  accounted  presumption 
in  us  to  expect  more  improvement  from  a  theory  founded 
on  judicious  experiments  only,  than  from  a  theory  of  the 
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luUc  of  fluids,  which  is  found  so  inconsistent  with  obwr- 

Itioa,  and  of  whose  fallacy  all  its  authors,  from  Newton  to 

KAIoDibcrl,  entertained  strong  suspicions.     Again,  we  beg 

ire  to  recommend  this  view  of  the  subject  to  the  atieotion 

jFthe  SuciETY  FOB  THE  Imfuovemkm'  OF  Naval  Aucki- 

ICTURK.     Should  tliese  patriotic  gentlemen  entertain  a  fa- 

urable  opinion  of  the  plan,  and  honour  us  with  their  cor- 

wndence,  we  will  cheerfully  impart  to  them  our  notions 

f  tile  way  in  which  both  these  trains  of  experiments  mny 

t  prosecuted  with  success,  and  results  obtained  in  which  we 

hy  conlide ;  and  we  content  ourselves  at  present  with  of- 

ning  to  the  public  these  hints,  which  are  not  the  specula- 

s  of  a  man  of  mere  science,  but  of  one  who,  with  a  com- 

tent  knowledge  of  the  laws  of  mechanical  nature,  has  the 

Miicnce  of  several  years  service  in  the  royal  navy,  where 

cart  of  working  of  ships  was  a  favourite  object  of  his  scien- 

c  attention. 

f  458.  'With  theae  observations  we  conclude  our  discussion 

t  the  first  part  of  the  seaman's  task,  and  now  proceed  to 

insidef  the  means  that  are  employed  to  prevent  or  to  pro- 

«  any  deviations  from  the  uniform  rectilineal  course  which 

R  been  selected. 

pHere  the  ship  is  to  be  considered  as  a  body  in  free  space, 

avertible  round  her  centre  of  inertia.     For  whatever  may 

I  the  point  round  which  she  turns,  this  motion  may  always 

H  considered  as  compounded  of  a  rotation  round  an  axis 

sing  through  her  centre  of  gravity  or  inertia.    She  is  ini- 

flled  by  the  wind  and  by  the  water  acting  on  many  aur- 

fLTently  inclined  to  each  other,  and  the  impulse  on 

1  is  perpendicular  to  the  surface.      In  order  therefore 

kt  slie  may  continue  steadily  in  one  course,  it  is  not  only 

sary  that  the  impelling  forces,  estimated  in  their  mean 

ecUon,  be  equal  and  opposite  to  iIk  resisting  forces  esti- 

]  JD  their  mean  direction ;  but  alao  that  these  two  di- 

)t)s  may  pass  through  one  point,  otherwise  she  will  be 

I  log  of  wood  is  when  pushed  in  oppoiiite  direc- 
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lions  by  two  forces,  which  are  equal  indeed,  iNnwe  i| 

^  to  dificreiU  parts  of  the  log.     A  ship  must  be  cunudcralii 

I  lever  acted  on  in  differenl  parts  by  ibrctrs  in  different  iliR» 

L  itions,  and  the  whole  balancing  each  other  round  that  pant 

I  mc  axis  where  the  equivalent  of  all  the  rcsititing  forces  pMaa, 

I    ^This  may  be  considered  as  a  point  supported  by  ihi*  nmt- 

ing  force,  and  as  a  sort  of  fulcrum  :   therefore,  iandoiliii 

Ihe  ship  may  maintain  her  po&itioD,  the  energies  or  atMrii 

«f  all  the  impelling  forces  round  this  ptnnt  niut  Uim 

I  Mch  other. 

469.  When  a  ship  sails  right  afore  the  whii),  wkli  W 

i  fsrdit  square,  it  is  evident  that  the  impulses  on  ocJi  mit  of 

I  ihe  Iteel  arc  equal,  as  also  their  i»echanicaJ   aiamaila  miad 

W9Kty  axis  passing  perpendicularly  through  the  kecL    Sgue 

the  actions  of  I  he  water  on  her  bows.       But  when  dui  spli 

on  an  oblique  course,  with  her  yards  braced  up  m  Ohu 

side,  she  sustains  a  pressure  in  the  direction  CI  (PUle  X. 

fig.  5.)  perpendicular  to  the  sad.     This,  by  giving  her  ■  b- 

teral  pressure  LI,  as  well  as  a  pressure  CL  ahead,  catuabei 

to  make  leeway,  and  to  move  in  a  line  Cb  inclined  loCB, 

By  this  means  the  balance  of  action  on  the  two  bows  i'  ie- 

stroycd;  the  genera)   impulse  on  the  lee-bov  a  iDcreutd; 

and  that  on  the  weather-bow  is  diuiinislied.    The  comlHwd 

impulse  is  therefore  no  longer  in  tlie  direction  BC,  but  (ia 

the  state  of  uniform  motion)  in  the  direction  IC. 

Suppose  that  in  an  instant  the  whole  sails  are  aanihiUled, 
and  the  impelling  pressure  CI,  which  precisely  balotwcd  the 
re«nsling  pressure  on  the  bows,  removed.  The  ship  tendi 
by  her  inertia,  to  proceed  in  the  directioa  C  6.  Thi»  Us- 
dc;ncy  produces  a  continuation  of  the  resistaQce  in  the  <f]>i> 
site  direction  IC,  which  is  not  directly  opposed  to  ihetn- 
deiicy  of  the  sliip  in  the  direction  C  b ;  therefore  the  dufft 
head  would  immediately  come  up  to  the  wiud.  The  exfe- 
rienced  seaman  will  recollect  something  like  this  wlien  iIk 
sails  are  suddenly  lowered  when  coming  to  anchor.  It  don 
not  h^vpen  solely  from  the  obliquity  of  the  action  on  die 
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bows:  It  woiilil  happen  to  the  parallelopiped  of  Plate  X.  fig. 
3.  which  was  sustaining  a  lateral  impulsion  B-sin-'  x,  and  m 
direct  inipulsiuD  A-cos.'x.  These  are  continued  tor  a  mo- 
ment after  the  annihilaticHi  oftlie  sail ;  but  being  no  loogfr 
opposed  by  a  force  in  the  direction  CD,  but  by  a  force  in  the 
direction  C  b,  the  force  B-sin.'  x  must  prevail,  and  the  body 
is  not  only  rt-tarded  in  its  motion,  but  its  head  turns  towards 
the  wind.  i)ut  this  efiect  of  the  leeway  is  greatly  increased 
by  the  curved  furm  of  the  ship'^  bows.  Thia  occasions  the 
centre  of  cffurt  of  alt  the  impulsions  of  the  water  on  the  lee 
side  of  the  ship  to  be  very  far  forward,  and  this  so  much  the 
toore  remarkably  as  she  is  sharper  aforL'.  It  is  in  general 
not  much  abaft  the  foremast.  Now  tht.-  centre  of  the  ship's 
tendency  to  continue  her  motion  is  the  same  with  her  centre 
of  gravity,  and  this  is  generally  but  a  little  before  the  maiit- 
nnst  She  is  therefore  in  the  same  condition  nearly  as  if 
iiie  were  pushed  at  the  mainmast  in  a  direction  parallel  to 
,C  b,  and  at  the  foremast  by  a  force  parallel  to  IC.  The 
rident  consequence  of  this  is  a  tendency  Lo  come  up  to  the 
This  is  indepL'ndent  of  all  situation  of  the  sails,  pro- 
led  only  that  they  have  been  trimmed  obliquely. 
4fi0  This  tendency  of  the  ship's  head  to  windward  iscal- 
enii-iXGin  the  seamen's  language,  and  is  greatest  in  ships 
■h  are  sharp  forwoni,  as  we  have  said  ulrendy.  This 
lumstance  is  easily  understood.  Whatever  ia  the  dircc- 
iQ  of  the  ship's  motion,  the  absolute  impulse  on  that  part 
the  bow  immediately  contiguous  to  B  is  perpendicular 
that  very  part  of  the  surface.  The  more  acute,  thcr^ 
ftre,  that  the  angle  of  the  bow  is,  the  more  will  the  im- 
pulse on  that  part  be  perpendicular  to  the  keel,  and  the 
greater  will  bo  its  energy  to  turn  the  head  to  windward, 

1461.  Thns  we  are  enabled  to  understand  or  to  see  the 
Spriety  of  the  disposition  of  the  sails  of  a  ship.  We  see 
r  croudcd  will)  sails  forward,  and  even  many  sails  extend- 
fsr  before  her  bow,  such  asthespriisail,  the  bowsprit  lop- 
I,  the  Ibro-topinast  staysail,  the  jib,  and  flying  jib.     The 
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semmM  ime  mudi  tmallcr 
the  fibiTMib  JHwuffd  on  ffrf 


fare  lk»  centre  of  gmhjof  tkrdbip; 
this  diipwition,  it  gentenllj 
rodder  Jo  ooimteract  Ae  windvavi 
Ikni.  This  is  ccmsidered  as  j 
ma;  beeanse  it  enables  the 
ahack,  and  stop  the  ship's  wmy  m  m  maiieKj  if  Ae  heia 
danger  horn  aoj  thing  ahead;  and  the  ship  which  doa 
nr  a  little  oTa  veathcr  heha,  is  alvan  a  daii  aikr 
46^  In  Older  to  judge  somewhat  ■MitenecuraieiT  of  dbe 
of  the  water  and  sails,  aafipoie  the  sfaqi  AB  ^Fke 
X.  fig.  9.)  to  hare  iu  tails  on  the  Hiinriini-*  D,  the  anin- 
■UHt  E,  and  foremast  F«  braaad  up  or  tsMHsed  aEke^  aad 
tUk  the  three  lines  D  i,  E  e,  F/,  perpen^cidar  to  the  nibi 
are  in  the  prDportion  of  the  iwtwilsrs  on  the  aaik  Tbe 
ship  is  driven  ahead  and  to  leeward,  aad  moves  in  the  pBth 
mC  L  This  path  i»  so  iadined  to  tbe  line  of  the  keel,  thit 
the  medium  direction  of  the  reatfanoe  of  tbe  water  i»  psraU 
lel  Ui  tbe  direction  of  the  impulse*  A  line  CI  maj  bednwn 
panJicl  to  the  lines  D  &,  £  r,  F  /^  and  equal  to  their  sum; 
and  it  may  be  drawn  from  such  a  point  C.  that  the  actions 
on  ail  the  part»  of  the  hnll  between  C  and  B  maj  balance 
the  mumtniu  ot  all  the  111111111  oo  the  bull  between  C  and  A. 
This  point  iz^ay  justly  be  called  the  rmlrr  ^  rfart^  or  tbe 
taurt  Of'  ruu-aux.  We  cannot  detern-iine  this  powt  for 
wsDi  of  a  p:up^  r  thctMry  oi  the  rtustaDce  uf  fluids.  Nay,  al- 
thouofa  experiments  like  tboce.  oHi  the  Parisian  academj 
«boukl  give  us  the  ni06»t  perfect  knowledge  uf  tbe  intenatj 
of  the  oblique  io^pulse^  c-n  a  square  loot,  we  should  bardiy 
be  bcnr6:cd  b\  them,  tor  the  actiuo  of  the  water  on  a  square 
ioot  of  the  hu^i  at  p,  for  instance,  is  «o  modified  by  the  in- 
tervention of  the  strrjun  of  water  which  has  struck  the  boll 
about  R,  and  glided  alorg  the  bow  B  o  j»,  that  thepressurf 
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on  p  is  totally  different  from  what  it  woiilJ  have  T>pcn  were 
it  a  square  foot  or  surface  detached  from  the  rest,  and  pre- 
sented in  the  same  position  to  the  water  moving  in  the  ilirec- 
tion  6  C.  For  it  is  found,  ihnt  the  resistances  given  to 
planes  joined  so  as  to  form  a  wedge,  or  to  curved  surfaces, 
are  widely  difTcrent  from  the  accumulated  resistances,  calcu- 
laied  for  their  separate  parts,  agreeably  to  the  experiments 
of  the  academy  on  single  surfaces.  We  therefore  do  not 
attempt  to  ascertain  the  point  C  by  theory ;  but  it  may  be 
accurately  determined  by  the  experiments  which  we  have  so 
strongly  recommended  ;  and  we  offer  this  as  on  additional 
inducement  for  prosecuting  them. 

463.  Draw  through  C  a  line  perpendicular  to  CI,  that  is, 
parallel  to  the  sails:  and  let  the  lines  of  impulse  of  the  three 
sails  cut  it  in  the  points  i,  k,  and  m.  This  line  im  may  be 
considered  as  a  lever,  moveable  round  C,  and  acted  on  at 
the  points  i,  k,  and  m,  by  three  forces.  The  rotatory  mo- 
mentum of  the  sails  on  the  mizenmast  is  D  i  X  i  C  ;  that  of 
the  sails  on  the  mainmast  is  E  e  X  kC;  and  the  niomeDtum 
of  the  sails  on  the  foremast  is  F/  X  m  C.  The  two  first 
(end  to  press  forward  the  arm  C  i,  and  then  to  turn  the  ship's 
head  toward-  llie  wind.  The  action  of  the  saiU  on  the  Ibre^ 
mast  tends  lo  pull  the  arm  C  m  forward,  and  produce  a  con. 
vUiuy  rotation.  If  the  ship  under  these  three  sails  keeps 
ti>tteadily  in  her  course,  without  the  aid  of  the  rudder,  wc 
-nnist  have  D  t  x  •  C  +  E  e  X  ft  C  =  F  /  x  m  C.  This 
is  very  po9.Mble,  and  is  often  seen  in  a  ship  under  her 
mizen- topsail,  nmin-topsiul,  and  fore-topsail,  all  parallel  (o 
one  another,  and  their  surfaces  duly  proportioned  by  reefing. 
If  more  sails  arc  set,  we  must  always  have  a  similar  equili- 
brium. A  certain  number  of  them  will  have  their  effbns 
directed  from  the  larboard  arm  of  the  lever  i  m  lying  to  lee- 
iranl  of  CI,  and  a  certain  number  will  have  their  efforts  di- 
KCted  from  the  starboard  arm  lying  to  windward  of  CI.  The 
noi  of  the  products  of  each  of  the  tirst  set,  by  their  dutinec* 
n  C,  must  be  equal  to  the  sum  of  the  similar  products  oT 
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the  other  set.    As  thU  cquiiibriuir 
preset\-ing  the  ship's 
dial  fly  followed 


s  all  that  ic  ■ 
md  the  cessatioa  ol'  it  n 


I  thai  (w- 


's  position,  I 
a  conversion ; 
khip  taay  be  had  by  means  of  the  three  square  sails  oaly,  mbm 
thor  surfaces  are  properly  proportioned — it  is  plain  thai  m- 
ry  movement  may  be  executed  and  explained  by  their  B 
This  will  greatly  simplify  our  future  discussions.  We  j 
therefore  suppose  in  futore  tliat  there  are  only  the  l| 
topsails  set,  and  that  their  surfaces  are  so  adjusted  b 
ing,  that  their  actions  exactly  balance  each  other  nMind^ 
point  C  of  the  middle  line  AB,  where  the  actions  c 
water  on  the  different  parts  of  her  bottom  in  like  ■ 
balance  each  otlier.  This  point  C  may  be  difloniljr  *>- 
lusted  in  tJie  ship  according  to  the  leeway  she  nakM,  it- 
pending  on  the  trim  of  the  sails ;  and  tbetefore  ahboa^  a 
certain  pro)xtrLion  of  the  three  surfaces  may  balaoet  Mt& 
other  in  one  sUle  of  leeway,  they  may  ha^ipen  not  lodoio 
in  another  stale.  But  tlie  equilibrium  is  endeoUy  atUn- 
able  in  every  case,  and  we  therefore  shall  always  sippcaeit. 
464v  It  must  noH'  be  observed,  that  when  this  eqiuli- 
brium  is  destroyed,  as,  for  example,  by  turning  the  edge  of 
the  mtzen-topsail  to  the  wind,  which  the  seamen  call  lUttr- 
ilg  the  mi zen- topsail,  and  ivhich  may  be  coosidend  aseqo- 
valcnt  to  the  removing  the  mizen-topsail  entirely,  it  does  Ml 
follow  that  the  ship  will  turn  round  the  point  C,  this  punt 
remaining  iised.  The  sliip  must  be  oon^dered  as  a  bee 
body,  still  acted  on  by  a  number  of  forces,  which  no  Unger 
balance  each  other ;  and  she  must  therefore  hcgim  to  lam 
round  a  spontaneous  axis  of  conversion,  wbii^  niust  be  de- 
termined in  the  way  set  fOTth  in  the  article  RoTaTlcn;.  It 
IS  of  importance  to  pcunt  out  in  general  where  this  axis  is  A- 
tuated.  Then;fore  let  G  (Plate  X.  fig.  10.)  be  the  eaOt 
of  gravity  of  tlie  ship.  Draw  the  hoe  f  G  e  parallel  to  the 
yards,  cutting  D  if  in  9,  E  e  in  r,  CI  in  /,  and  F/  in  t. 
Wlule  the  three  sails  are  set,  the  line  f  v  may  be  coondered 
•s  a  ievcr  acted  on  by  four  forces,  az.  D  d,  impeUing  the 
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Bver  forward  perpendicularly  'm  the  point  q;  E  (,  impel- 
^  it  forward  in  the  point  r ;  F^*,  impeiling  it  forward  m 
Eke  point  i>;  and  CI,  impelling  it  backward  in  the  point  (. 
"Tiese  forces  balance  each  other  both  in  respect  of  progres- 
e  motion  and  of  rotatory  energy;  for  CI  was  taken  equal 
:  sum  of  Dd,  E  c,  and  P/;  so  that  no  acceleration 
'  retardation  of  the  ship's  progress  in  her  course  is  Eup- 
sed. 

But  by  taking  away  the  mizon-topstut,  both  the  equili- 
riums  are  destroyed.  A  part  D  d  of  the  accelerating  force 
I  taken  away ;  and  yet  the  ship,  by  her  ineitia  nr  inherent 
!,  tend?,  for  a  moment,  to  proceed  in  the  direction  Cp 
d  her  former  velocity ;  and  by  this  tendency  exerts  for  a 
sent  the  same  pressure  CI  on  the  water,  and  sustains 
the  same  resistance  IC.  She  must  therefore  be  retarded  m 
her  motion  by  the  excess  of  the  resistance  IC  over  the  iv- 
maining  impelling  forces  E  c  and  i'f,  that  is,  by  a  force 
equal  and  opposite  to  D  d.  She  will  therefore  be  retarded 
in  the  same  manner  as  if  the  mi2en-topBaiI  were  still  set, 
and  a  force  equal  and  opposite  to  its  action  were  applied  to 
G  the  centre  of  gravitVi  and  she  would  soon  acquire  a  sm^- 
ler  velocity,  which  would  again  bring  all  things  into  equilt- 
brium ;  and  she  would  stand  on  in  the  same  course,  witb- 
out  changing  either  her  leeway  or  the  position  of  her  head. 
But  the  <.-quiiibrium  of  the  lever  is  also  destroyed.  It  is 
now  Bcte<^l  on  by  three  forces  only,  vis.  E  t  and  F/,  impel' 
ling  n  forward  in  the  points  r  and  c,  and  IC  impelling  it 
backward  in  the  point  (.  Make  rp:ro  =  Ee  +  F/ :  Fj^ 
nd  make  o  p  parallel  to  CI  and  equal  to  E  e  +  F/  Then 
e  know,  from  the  common  principles  of  mechanics,  that  the 
o  p  acting  at  o  will  have  the  same  momentum  or  ener- 
gy to  turn  the  lever  round  airy  point  whatever  as  the  t«o 
forces  Ee  and  F  /  applied  at  r  and  c;  and  now  the  lever  is 
acted  on  by  two  forces,  ctV.  IC,  urt;ing  it  backwards  in  the 
It  t,  and  op  urging  it  forwards  in  thepointo.  It  must 
refore  turn  round  like  a  floating  log,  which  gi:ts  two 
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blows  in  oppcMite  directions.  If  w«  oowttmkeK—tf 
iop=ito:tt,orlC  —  op:IC  =  to:  o  »,  and  xffij  to 
the  poiot  X  a  force  equitl  lo  IC  — op  in  the  dxrectioatC; 
«e  know,  by  the  common  priociples  of  mechanics,  that  Urn 
force  tC  —  op  will  produce  the  same  rutAtion  round nj 
point  as  the  two  forces  IC  and  n  p  «ppn*>d  in  tbeir  fnfK 
directions  at  (  and  o.  Let  us  examiiw  the  sitnaiion  oTtkt 
point  X. 

The  force  IC  —  »  p  is  eridenllr  =  D  d,  and  opts  =E  t 
+  F/  Therefore  o  1 :  1 1  —  D  d  i  o  p.  But  because.  »hen 
all  the  rails  were  filled,  there  was  an  e«juilibrium  roaod  C| 
and  ihererurc  round  t,  and  because  the  force  o  p  aedag  at  o 
is  equivalent  to  Ec  and  Py  acting  at  r  and  v,  nnnstldl 
have  the  eqtiitibrium  :  and  thercAire  we  have  tfal  monpl 
turn  DiIxf'  =  <'fX'>'-  Therefure  0f:tf=DJ:o^ 
and  lq  =  tx.  Therefore  the  point  x  is  the  same  mtfa  tbe 
point  ^. 

465.  Therefore,  when  we^iver  themizen-topsail,  tbcn- 
laUon  of  the  ^ip  is  the  same  as  if  tbe  ship  were  at  reit,  ad 
a  force  equal  and  opposite  to  the  action  of  the  mizco^ap- 
sul  were  applied  at  9  or  at  D,  or  at  any  pouK  in  the  br 
D,. 

Iliis  might  bare  been  shown  in  aootber  and  ihorter  vi^. 
Suppose  all  sails  filled,  tbe  ship  is  in  eqnilifario.  This  wll 
be  difturbed  by  applying  to  11  a  force  opposite  to  D  J ;  aid 
if  the  force  be  also  equal  to  D  d,  it  is  cedent  that  these  tro 
forces  destroy  each  other,  and  that  this  application  of  Af 
force  d  D  is  equivalent  to  tbe  taking  away  of  tlie  miuo-tt^ 
saiL  But  we  chose  to  give  ibe  whole  mechanical  ia?«sti^ 
lioo  ;  because  it  gave  uc  ao  i^iportDnily  of  pointing  ont  ta 
the  reader,  in  a  case  of  very  easy  comprehensioa,  the  pmiB 
maoon-  in  whidi  tbe  ship  k  acted  <m  by  the  different  unb 
and  by  die  water,  and  what  share  each  of  them  has  in  llie 
noiioa  ultimately  produced.     We  cball  not  repeat  this  mu- 

rofptooedurein  ether  oks,  because  a  little  reflection  an 
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e  part  of  tbe  reader  will  now  enable  him  to  trace  the  vw- 
'a  operandi  through  all  its  steps. 

B  now  see  that,  in  respect  both  of  progressive  niolion 

pd  of  conversion,  the  ship  is  affected  by  shivering  the  sail 

Q  the  same  manner  as  if  a  force  et^ual  and  opposite  to 

9d  were  applied  at  D,  or  at  any  point  in  the  line  D  d.    We 

Mat  now  have  recourse  to  the  principles  of  rotatory  motion. 

[  Let  p  represent  a  particle  of  matter,  r  its  nuhus  vector, 

s  distance  p  G  from  an  axis  passing  through  the  centre 

[  gravity  G,  and  let  M  represent  the  whole  quantity  of 

Mter  of  the  ship.     Then  its  momentum  nf  inertia  is^ 

Wp-r'  (See  Rotation)      The  ship,  impelled  in  the  point 

I  by  a  force  in  the  direction  dX),  will  begin  lo  turn  round 

i  spontaneous    vertical  axis,  passing  through   a  point  S  of 

e  line  q  G,  which  is  drawn  through  the  centre  of  gravity 

■f  perpendicular  to  the  direcllon  <f  D  of  the  external  force, 

i  tbe  distance  GS  of  this  axis  from  the  centre  of  gravity 


-(see  R< 


i)  and  it  is  taken  on  the  opposite 


i  of  G  from  q,  that  is,  S  and  q  are  on  opposite  sides 


t  us  express  the  external  force  by  the  symbol  F.  It 
•quivalent  to  a  certain  number  of  pounds,  being  the  pres- 
e  of  the  wind  moving  with  the  velocity  V  and  inclination 
1  tbe  surface  of  the  sail  D  ;  and  may  therefore  be  com- 
i  either  by  the  theoretical  or  experimental  law  of  ob- 
e  impulses.  Having  obtained  this,  we  can  ascertain  the 
;i!lar  velocity  of  the  rotation  and  the  absolute  velocity  of 
given  point  of  the  ship  by  means  of  the  theorems  es- 

i  under  Rotation. 

16.  But  before  we  proceed  to  this  investigation,  we  shall 

hsider  the  action  of  the  rudder,  which  operates  precisely 

e  same  manner.     Let  the  ship  AB  (Plate  X.  fig.  1 1.) 

tve  her  rudder  in  the  position  AD,  the  helm  being  haril 

vol..  IV.  i  T 
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a-starboard,  while  the  ship  saiiiiig  od  the  starboard  tack, 
and  making  leeway,  keeps  on  the  course  a  b.     The  ke  sur- 
face of  the  rudder  meets  the  water  oUiquely.     The  very 
foot  of  the  rudder  meets  it  in  the  direction  D£  parallel  to 
a  b.     The  parts  farther  up  meet  it  with  various  obliquities, 
and  with  various  velocities,  as  it  glides  round  the  bottom  of 
the  ship  and  falls  into  the  wake.     It  is  absolutdj  impossi- 
ble to  calculate  the  accumulated  impulse.     We  shall  not  be 
far  mistaken  in  the  deflection  of  each  contiguous  filament, 
as  it  quits  tlie  bottom  and  glides  along  the  rudder ;  but  we 
neither  know  tlie  velocity  of  these  filaments,  nor  the  deflec- 
tion and  velocity  of  the  filaments  gliding  without  them.  We 
therefore  imagine  that  all  computations  on  this  subject  are 
in  vain.     But  it  is  enough  for  our  purpose  that  we  know 
the  direction  of  the  absolute  pressure  which  they  exert  on 
its  surface.     It  is  in  the  direction  D  d,  perpendicular  to 
that  surface.     We  also  may.  be  confident  that  this  pressure 
is  very  conaderable,  in  proportion  to  the  action  of  the  wa- 
ter on  the  ship^s  bows,  or  of  the  wind  on  the  sails ;  and  we 
may  suppose  it  to  be  nearly  in  the  proportion  of  the  square 
of  the  velocity  of  the  ship  in  her  course ;  but  we  cannot  af- 
firm it  to  be  accurately  in  that  proportion,  for  reasons  that 
will  readily  occur  to  one  who  considers  the  way  in  which 
the  water  falls  in  behind  the  ship. 

467.  It  is  observed,  however,  that  a  fine  sailer  always 
steers  well,  aqd  that  all  movements  by  means  of  the  rudder 
are  performed  with  great  rapidity  when  the  velocity  of  the 
ship  is  great  We  shall  see  by  and  by,  that  the  speed  with 
which  the  ship  performs  the  angular  movements  b  in  the 
proportion  of  her  progressive  velocity :  For  we  shall  sec 
that  the  squares  of  the  times  of  performing  the  evolution 
are  as  the  impulses  inversely,  which  are  as  the  squares  of 
the  velocities.  There  is  perhaps  no  force  which  acts  on  a 
ship  that  can  be  more  accurately  determined  by  experiment 
than  this.  Let  the  ship  ride  in  a  stream  or  tideway  whose 
velocity  is  accurately  measured ;  and  let  her  ride  from  two 
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laoorings,  so  that  her  bow  ma^  be  a  fixed  point.  Let  a 
small  tuir-line  be  laid  out  from  her  slern  or  quarter  at  right 
angles  to  the  keel,  and  connected  with  some  apparatus  (it- 
ted  up  on  shore  or  on  board  another  sliip,  by  whiili  ihe 
strain  on  it  may  be  accurately  measured ;  u  person  convers- 
ant with  mechanics  will  see  many  ways  in  which  this  can  be 
done.  Pfrhaps  the  ftllowing  may  be  as  good  as  any :  Let 
the  end  of  the  low-line  be  fixed  to  some  point  as  high  out 
of  tJic  water  as  the  point  of  the  ship  from  which  it  is  gi»en 
out,  and  let  this  be  vi-ry  high.  Let  a  block  with  a  hook  be 
on  the  rope,  and  a  considerable  weight  hung  on  this  hook. 
Things  being  thus  prepared,  put  down  ilie  hclm.to  a  cer- 
tain angle,  su  as  to  cause  the  ship  to  Rhuer  iiit'  from  the  pcnnC 
to  which  the  far  end  of  the  tow-line  is  atlachetl.  This  will 
Wretch  the  rope,  and  raise  the  weight  out  uf  the  water. 
Now  heave  upon  the  rope,  to  bring  the  slii|)  back  again  W  ' 
bo-  former  position,  with  her  keel  in  the  direction  of  the 
stream.  When  this  position  is  attained,  note  eatefutly  the 
form  of  the  rope,  tliat  is,  t)ie  angle  which  its  two  parts  make 
with  the  horizon.  Call  this  angle  a.  Every  person  ac- 
qttaintcd  with  these  subjects  knows  that  the  horizontal  strain 
is  equal  to  half  the  weight  multiplied  by  the  cotangent  of 
a,  or  that  S  is  to  the  cotangent  of  a  as  the  weight  to  the  ho- 
raontal  strain.  Now  it  is  this  strain  whicli  balances  and 
therefore  measures  the  action  of  the  rudtlt-r,  or  D  e  in  Plate 
X.  fig.  !!.  Therefore,  to  have  the  absolute  impulse  D  d, 
we  must  increase  D  e  in  the  proportion  of  radius  to  the  se- 
cant of  the  angle  b  which  the  rudder  makes  with  the  keel. 
In  a  great  ship  sailing  six  mites  in  an  hour,  the  impulse  on 
the  nidder  inclined  30°  to  the  keel  is  not  less  than  301X> 
pounds.  The  surface  of  the  rudder  of  such  a  ship  contains 
near  80  square  feet.  It  is  not,  however,  very  necessary  to 
know  this  ahwiute  impidse  D  tl,  because  it  is  its  part  D  c 
atone  which  measures  the  energy  of  the  rudder  in  produc- 
ing a  conversion.  Such  experiments,  made  with  various 
positions  of  the  rudder,  wilt  give  its  energies  correspooding 
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1o  these  positions,  and  will  settle  tliat  long  disputed  poiat 
which  is  the  Ix'St  position  for  turning  a  ship.  On  the  bjp 
thesis  that  the  impulsions,  of  fluids  are  in  tbe  dupCctlen- 
tio  of  the  sines  of  incidence,  there  i:aii  be  no  doubt  lliM  t 
should  make  an  angle  of  54°  44'  with  the  fccel.  But  [k 
form  of  a  large  ship  will  nut  admit  of  tliiu,  because  a  aWa 
of  a  length  sufficient  for  managing  the  rudder  in  sailmg  with 
great  veloeitj'  has  not  rcwm  to  deviate  abtive  SO  frumtbt 
direction  of  the  keel ;  and  in  this  position  of  t!ie  rudder  the 
mean  obliquity  of  ihe  Glamcnis  of  water  lo  its  surface  ci^ 
nut  exceH  40  or  46°.  A  greater  angle  vould  not  be  of 
much  servire,  tor  it  is  never  for  want  ol'  a  proper  obtiquitf 
tliai  rhe  rudder  fails  of  producing  a  conversion. 

468.  A  ship  raisses  stays  in  rough  weatlier  for  want  of* 
sufficit'iil  progressive  velocity',  and  because  her  bow*  in 
bt-ai  off  by  the  waves ;  and  there  is  seldom  any  difficulty  ia 
wearing  the  ship,  if  she  has  any  progressive  motion.  Iti% 
however,  aJwajs  desirable  to  give  the  rudder  as  mucll  i»- 
fluence  as  possible.  Its  surface  should  be  enlarged  [apt- 
ciatly  below)  as  much  as  can  be  done  consistently  with  h 
strength  and  with  the  power  of  the  steersmen  lo  manage  it; 
and  it  ithuuld  be  put  in  the  most  lavoumble  situation  for  the 
water  to  get  at  it  wuh  great  velocity  :  and  it  should  be 
placed  as  far  from  the  axis  of  the  ship's  motion  as  posuUe. 
These  points  are  obtained  by  making  the  stern-post  itfj 
upright,  as  has  always  been  done  in  the  French  dock-yards. 
The  British  ships  have  a  much  greater  rake  ;  but  our  build- 
ers are  gradually  adopting  the  French  forms,  experience  hiT- 
ing  taught  us  that  iheir  ships  when  in  uur  possesuoa,  IR 
much  mure  obedient  to  the  helm  than  our  own— laankt 
lo  ascertain  (he  motion  produced  by  the  action  of  the  lad- 
der, draw  fmm  the  centre  of  gravity  a  line  G  f  perpending 
lor  to  D(/(D  d  being  drawn  through  the  centre  of  eflbiti/ 
(he  rudder.)  Then,  as  in  tbe  consideration  of  tbe  acMO 
of  the  sails,  we  may  conceive  Uie  line  q  G  aa  a  lever  OOfr 
nectal  vith  the  aliip,  and  impelled  by  a  force  D  i  ic&iif 
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Kndicularly  at  q.  The  coiisequoDcc  oF  this  will  be,  an 
icipient  conversion  of  the  ship  about  a  vertical  axis  passing 
rough  some  p«»im  S  in  tlie  line  ij  G,  l_jing  on  ilie  other 
e  of  G  from  q ;  and  we  have,  as  in  the  former  case,  GS 

us  the  action  and  effects  of  the  sails  and  of  the  nid- 

^are  perfectly  similar,  and  are  to  be  oinsidered  in  [he  xame 

We  see  that  the  action  of  the  rudder,  though  of 

lurface  in  comparison  of  the  sails,  must  be  very  great: 

r  theimpulseof  water  is  many  hundred  times  greater  than 

|at  of  the  wind  ;  and  the  arm  f  G  of  the  lever,  by  which  it 

;,  is  incomparably  greater  than  that  by  which  any  of  the 

mpulsions  on  the  sails  produces  its  effect;  accordingly  the 

ship  yields  much  more  rapidly  to  its  action  than  the  does  to 

ihe  lateral  impulse  of  a  sail. 

Observe  here,  that  if  G  were  a  fixed  or  supported  axis,  it 
would  be  the  same  thing  whether  the  absolute  force  D  d  of 
the  rudder  acts  in  the  direction  D  d,  or  its  transverse  port 
D  e  acts  in  Ihe  direction  D  t,  bulb  would  produce  the  sanie 
rotation  ;  but  it  is  not  so  in  a  free  body  The  force  Hi 
both  tends  to  retard  the  ship's  motion  and  to  produce  a  ro- 
tation :  It  retards  it  as  much  as  if  the  same  force  Dt/  had 
been  immediately  applied  to  the  centre.  Ami  thus  Ihe  real 
motion  of  the  ship  is  compounded  of  a  motion  of  the  centre 
in  a  direction  parallel  to  Dif,  and  of  a  motion  round  the 
centre.     These  two  constiiulethe  motion  round  S. 

470.  As  the  effects  of  the  action  of  the  rudder  are  both 
more  remarkable  and  somewhat  more  simple  than  those  of 
the  sails,  we  shall  employ  them  as  an  example  of  the  mecha- 
nism of  the  motions  of  conversion  in  general ;  and  as  we  must 
content  ourselves  in  a  work  ]ike  this  with  what  is  very  ge. 
neral,  we  sliall  simplify  the  investigation  by  attending  only 
to  the  motion  of  conversion.  We  can  get  an  accurate  notion 
of  the  vrhole  motion,  if  wanted  for  any  purpose,  by  combin- 
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iDg  the  progrpEsive  or  retrograde  motion  parallel  to  D  d  iriA 
the  motioD  of  roistlon  which  we  are  abonl  to  detenniitt. 
In  this  case,  then,  we  observe,  la  tbc  Srst  place,  lluf  ik 

angular  velocity  (see  Rotation,)  is  y^  ;   and,  u  «u 

J'"'. 

shown  in  that  article,  this  velocity  ot  rotation  increases  in  th; 
proportion  of  the  lime  of  (he  forces  uniform  action,  anil  tlit 
rotaiiitn  would  be  uniformly  accelerated  ifthefbrcesdidreaU) 
act  unifonnly.  This,  however,  cannot  be  the  case,  be. 
cause,  by  the  ship's  change  of  poRiiion  and  change  ofpn^ 
grcssive  velocity,  the  direction  and  intensity  of  liie  impelling 
force  is  continually  changing.  But  if  two  ships  are  petfom- 
ing  similar  evolutions,  it  is  obvious  that  the  changes  of  fane 
are  similar  in  similar  parts  of  the  evolution.  Therefiirethc 
consideration  of  the  momentary  evolution  is  Buffitieot  for 
enabling  us  to  compare  the  motions  of  ships  actuated  bjr  ». 
milar  forces,  which  is  all  wc  have  in  view  at  present. 

The  velocity  r,  generated  in  any  time  (  by  the  coobau- 
ance  of  an  Invariable  momentary  acceleration  (which  is  «]1 
that  we  mean  by  saying  that  it  is  produced  by  the  acticn)  of 
a  constant  accelerating  force,)  is  as  the  acceleration  and  the 
lime  jointly.  Now  what  we  call  the  angular  etkxUy  isi» 
thing  but  this  momentary  acceleration.     Therefore 


P^G_  ^H 


locity  t)  generated  in  the  time  i  is  =  /• 

471.  The  expression  of  the  angular  velocity  is  also  iheet- 
presion  of  the  velocity  u  of  a  point  situated  at  the  distonoe  I 
from  the  axis  G. 

Let  z  be  the  space  or  arch  of  revolution  described  in  ibt 

tlie  time  (  by  this  point,  whose  distance  from  G  issl. 

F-^G    ■  ■ 

Then£=:rt=    /•         ">  and    taking    the    fluent  ^H 

TqG 

Thisarch  measures  the  whole  angle  of  roUtioo 


/ 
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>d  in  the  time  t.     These  are  therefore  as  the 
he  timts  from  the  beginning  ol  the  rntalion. 
solutions  are  ei.\ua\  uhich  are  nieasuretJ  Ity  equal 

lEhes.     Thus  two  motions  of  43  degrees  each  nre  equal. 

"bereiore   because  r  is  ihu   same  in  both,  the  (|uantity 

s  a  constant  quantity,  audi'  is  reciprocally  pro- 


portioiial  io     r      ,  or  is  proportional 


toJil 


That  is  to  say,  the  times  of  the  sl- 

I  evolutions  uf  two  ships  are  as  Lhe  square  root  of  the 
IDomeDtum  of  inercia  diiectly,  and  as  the  square  root  of  thv 
momentum  of  the  rudder  or  sail  inversely.  This  will  en- 
able us  to  make  the  comparison  easily.  Let  us  suppose  the 
ships  perfectly  similar  iu  furni  and  ligging,  and  to  difl'er  only 
in  length  Land  /.-  /  P  ■  R*  is  to  y'p  r'aa  L' to /'.    For 

the  similar  particles  P  and  p  contain  quantities  of  matter 
which  are  as  the  cubes  of  their  lineal  dimensions,  that  is,  as 
L*  to  /'.  And  because  the  particles  are  similarly  silualed, 
R' is  lor'  as  L'  to  /".  Therefore  P  K'  :/i  r'  =  !.'•■. 
IK  Now  P  is  to  fas  L=  to  /-.  Fur  the  surfaces  of  lhe  si- 
milar rudders  or  sails  are  as  the  squares  of  their  lineal  di< 
inensioDS,  that  is,  as  L'  to  /*.  And,  lastly.  G  ^  is  to  ^  ^  as 
L  to  /,  and  therefore  F  ■  G  q :  f-  g  y  —  U' :  P-     Thereibre 

T:  (  =  L:/. 

4-7i.  Therefore  the  times  of  performing  similar  evolutions 
with  similar  ships  are  proportional  to  the  lengths  of  the  ships 
when  both  are  sailing  equally  fast ;  and  since  the  evolutions 
arc  iimilar,  and  the  forces  vary  umilatly  in  their  diflerent 
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parts,  what  is  here  demonstrated  nf  the  smallest  ioapifni 
evolutions  is  true  of  llie  whole.  They  tlierefore  iioi  oolj 
describe  equal  angles  of  revoliilion,  but  also  slniilur  cunn. 

A  small  ship,  therefore,  works  in  less  lime  and  in  Ifw 
room  than  a  great  ship,  and  this  in  the  proportion  ol  it* 
length.  This  is  a  great  advantage  in  all  cases,  pariiculari; 
in  wearing,  in  order  to  snil  on  the  other  tack  dost^likuH 
In  this  case  she  will  always  be  to  windward  and  ahead  of  the 
large  ship,  when  both  are  got  on  the  other  tack.  It  would 
appear  at  first  sight  that  the  large  ship  will  have  ibeadvtiK 
tage  in  tacking.  Indeed  the  large  ship  is  farther  to  wind- 
ward when  again  triniraetl  on  the  other  lack  than  the  snuJI 
ship  when  she  is  just  trimmed  on  the  other  tack.  But  this 
happened  before  the  large  ship  had  completed  her  evolution, 
and  the  small  ship,  in  the  mean  time,  has  been  going  fiv- 
ward  on  the  other  tack,  and  going  to  windward.  She  w3l 
therefore  be  before  the  targe  ship's  bean),  and  perlnps  m 
far  to  windward, 

473.  We  have  seen  that  ihe  velocity  of  rotation  is  propor- 
tional, cceten'a  paribus,  lo  F  X  G  tj.  F  means  the  absolute 
impulse  on  the  rudder  or  sail,  and  is  always  perpendicular  to 
its  surface.  This  absolute  impulseon  a  sail  depends  on  the 
obliquity  of  the  wind  to  its  surface.  The  usual  theory  hjs, 
that  it  is  as  the  square  of  the  sine  of  incidence :  but  we  find 
this  not  true.  We  must  content  ourselves  with  expressisg 
it  by  some  as  yet  unknown  function  V  of  the  angle  of  inci- 
dence a,  and  call  il  9  a;  and  if  S  be  the  surface  of  the  nil, 
and  V  the  velocity  of  the  wind,  the  absolute  impu]»  is  m  V' 
S  X  9  1.  This  acts  (in  the  case  of  ihc  mizen- topsail.  Plate 
X.  fig.  10.)  by  the  lever  j  G,  which  b  equal  to  DG  X  coa. 
UG  q,  and  DG  q  is  equal  to  the  angle  of  the  yard  and  keel ; 
which  angle  we  formerly  called  b.  Therefore  its  energy  in 
produting  a  rotation  isnV"Sx*aX  DG  X  coi.  4. 
Leaving  out  the  constant  quantities  n,  V,  S,  and  DG,  tia 
energy  is  proportional  to  ^  a  X  cos.  b.  In  order,  therel<)re, 
that  any  sail  may  have  the  greatest  power  to  produce  a  to- 
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tstion  round  G,  il  must  be  so  trioiined  that  »  a  x  cos.  i 
may  be  a  maximum.  Thus,  if  we  would  trim  the  sails  on 
the  foremast,  so  as  to  pay  the  ship  off  from  the  wind  right 
ahead  wiih  the  greatest  effect,  and  if  we  lake  ihf  experimcnU 
of  the  French  ai;ademiciana  as  proper  measures  of  the  oblique 
impulses  of  the  wind  on  the  sail,  we  will  brace  up  the  yard 
Id  an  angle  of  +8  degrees  wiih  the  keel.  The  impulse  cor- 
«Bpondingto48°istH5,  and  theco6ineof48'i8  669.  Thae 
give  a  product  of  "H 1435.  If  we  brace  the  aai!  to  54°  44', 
the  angle  assigned  bv  the  theory,  the  effective  impulse  ia 
405274.  If  we  make"  the  angle  45%  the  impulse  is  408774. 
It  appears  then  that  48"  is  preferable  to  either  of  the  others. 
Sut  the  difference  is  inconsiderable,  as  in  all  cases  of  maxi- 
inum  a  small  deviation  from  the  best  position  is  not  very  de- 
trimenlal.  But  the  difference  between  the  theory  and  this 
experimental  measure  will  be  very  great  when  the  impulses 
of  tlic  wind  are  of  necessity  very  oblique.  Thus,  in  lacking 
ship,  as  soon  as  the  headsails  are  taken  aback,  they  serve  to 
aid  the  evolution,  as  is  evident :  But  if  we  were  now  lo  adopt 
the  maxim  inculcated  by  the  iheory,  we  should  immediately 
round  in  the  weather- braces  so  as  to  increase  the  impulse  on 
the  sail,  because  it  is  then  very  small ;  and  although  ve  by 
this  means  make  yard  more  square,  and  therefore  diminisli 
the  rotatory  momentum  of  this  impulse,  yet  the  impulse  is 
more  increased  (by  the  theory)  than  its  vertical  lever  is  di- 
minished.— Let  us  examine  this  a  little  more  particularly, 
because  it  is  reckoned  one  of  the  nicest  points  of  seamanship 
to  aid  the  ship's  coming  round  by  means  of  the  hcadsails ; 
and  experienced  seamen  differ  in  their  practice  in  this 
manceuvre.  Suppose  the  yard  braced  up  to  40°,  which  is 
as  much  as  can  be  usually  done,  and  that  the  sail  shivers 
(the  bowlines  are  usually  let  go  wheu  the  helm  is  put  down), 
the  sail  immediately  lakes  abatk,  and  in  a  moment  we  may 
suppose  an  incidence  of  6  degrees.  The  impulse  correspond- 
ing to  this  is  400  (by  experiment),  and  ihe  cosine  of  40°  i« 
706.     This  gives  306400  for  the  eflective  impulse.     T.. 
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piw!fed  according  to  the  theory,  we  should  brace  the  ytxi 
to  70=,  which  would  give  the  wind  (now  34"  on  the  weather- 
bow)  an  incidence  of  nearly  36°,  and  the  sail  an  inclination 
of  20°  to  the  intended  motion,  which  is  perpendit-uUr  to  the 
keel-  For  the  tangent  of  20°  is  about  «  of  the  txngmt  of 
36".  Let  us  now  see  what  offeetive  impulse  the  expcri- 
mental  Uw  of  oblique  impulsions  will  give  for  this  adjust- 
ment of  the  sails.  The  experimental  impulse  for  36*  lit  480 ; 
the  ojsine  of  70"*  is  342 ;  (lie  product  is  1 64160,  not  mach 
exceeding  the  half  of  the  former.  Nay,  the  impuUe  f«  36*, 
calculated  by  the  theory,  would  liHve  been  only  346,  and  the 
effective  impulse  only  1 1H333-  And  it  must  be  tkrtberi^ 
served,  that  this  thforetii-al  adjustment  would  tend  greatly 
to  check  the  evolution,  and  in  most  cases  would  entirely  mar 
it,  by  checking  the  ship's  motion  ahead,  and  conEequently 
the  action  of  the  rudder,  which  is  the  most  poweHul  agmt 
in  the  evolution ;  for  here  would  be  a  great  impulse  direct- 
ed almost  astern. 

We  were  justifiable,  therefore,  in  saying,  in  the  b^ntnng 
of  this  article,  that  a  seaman  would  frequently  find  bimtelf 
baffled  if  he  were  to  work  a  ship  according  to  the  rules  de- 
duced from  M.  Bouguer^s  work ;  and  we  see  by  this  in- 
stance of  what  impirtance  it  is  to  have  the  oblique  impul- 
sions  of  fluids  ascertained  experimentally.  The  practice  of 
the  most  experienced  seamen  is  directly  the  opposite  totliK 
the(»'etical  maxim,  and  its  success  greatly  confirms  the  use- 
fulness of  these  expeiiments  of  the  ocademidans  so  eften 
praised  by  us. 

We  return  again  to  the  general  consideration  of  the  rota- 
F.«G 
tory  motion.     We  found  the  velocity  v  =  p~~~'-      I'  " 

therefore  proportional,  Cfeteru  paribus,  to  q  G.  We  I»tc 
seen  in  what  manner  q  G  depends  on  the  poiJtion  aodHlui- 
tion  of  the  ^1  or  rudder  when  the  point  G  is  fixed.  But  it 
also  depends  on  the  portion  of  G.     With  respect  to  these- 
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tioa  of  Uie  rudder,  it  is  evident  that  it  is  so  much  the  more 
powerful  as  it  h  more  remote  from  G.  The  distance  from 
G  may  be  increased  either  by  moving  the  rudder  farther  aft, 
or  G  farther  forward.  And  as  it  b  ol'  the  utmost  importance 
that  a  shi))  answer  her  helm  with  the  greatest  promptitude 
those  circumstances  have  been  attended  to  which  distin- 
guished fine  stemng  ships  from  such  as  had  not  this  quali- 
ty ;  and  it  is  in  a  great  measure  to  be  ascribed  to  this,  that, 
in  the  gradual  impravement  of  naval  architecture,  the  centre 
of  gravity  lias  been  placed  far  forward.  Perhaps  iJie  notion 
a(  a  centre  of  gravity  did  not  come  into  the  thoughts  of  the 
rude  builders  in  early  times;  but  they  obsei'ved  tliat  those 
boats  and  ships  steered  best  which  had  their  extreme  breadth 
before  the  middle  point,  and  consequently  the  bows  not  so 
acute  as  the  stern.  This  is  so  contrary  to  what  one  would 
expect,  that  it  attracted  atltutton  more  forcibly ;  and,  being 
somewhat  mysterious,  it  might  prompt  to  attempts  of  im- 
provement, by  exceeding  in  thi^  singular  maxim.  We  be- 
lieve that  it  has  been  carried  as  far  as  is  compatible  with 
other  essentia!  requisites  in  a  ship. 

474.  We  believe  that  this  is  the  chief  circumstance  in 
what  is  called  the  trim  of  a  ship  ;  and  it  were  greatly  to  be 
wished  that  the  best  place  for  the  centre  of  gravity  could  be 
accurately  asccrlaiued.  A  practice  prevails,  which  u  the 
opposite  of  what  we  arc  now  advancing.  It  is  usual  to  load 
a  ship  so  that  her  keel  is  not  horizontal,  but  lower  abaft. 
This  is  found  to  improve  her  steerage.  The  reason  of  this 
■3  obvious.  It  increases  the  acting  surface  of  the  rudder, 
and  allows  tlie  water  to  come  at  it  with  much  greater  free- 
dom and  regularity  ;  and  it  generally  diminishes  the  griping 
of  the  ship  forward,  by  removing  a  port  of  the  bows  out  of 
the  water.  It  has  not  always  this  efiect ;  for  the  form  of 
the  harping  aloft  is  frequently  such,  that  the  tendency  to 
gripe  is  diminished  by  immersing  more  of  the  bow  in  the 
water, 
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lemselves  to  leeward  of  tlie  mast.     They  even  find  that 
hey  can  aid  the  quick  motions  of  these  light  boats  by  the 
in  which  the^  rest  on  their  two  feet,  sometimes  leauiog 
n  one  foot,  and  someiimcs  on  the  other.    And  we  have 
ten  seen  this  evolution  verj  sensibly  accelerated  in  a  ship 
f  war,  by  the  crew  running  suddenly,  as  the  heini  is  put 
town,  to  the  lee-bow.      And  we  have  heard  it  asserted  by 
expert  seamen,  that  after  al)  attemptB  to  wear  ship  (after 
^ing-to  in  a  storui)  have  failed,  they  have  succeeded  by  the 
rew  collecting  themselves  near  ihe  weather  fore-ehrouds the 
toinent  the  holm  was  put  down.       It  must  be  agreeable  to 
lie  reflecting  seaman  to  see  this  practice  supported  by  ua- 
ubted  mechanica]  principles. 

476.  It  will  appear  paradoxical  to  say  that  the  evolution 
may  be  accelerated  even  by  an  addition  of  tnaiter  to  tbe 
&hip ;  and  though  it  is  only  a  piece  of  curiosity,  our  reader* 
way  *uh  -to  be  made  sensible  of  iL  Let »  he  tbe  addition, 
placed  in  some  point  m  lying  beyond  G  from  f.  Let  S  be 
Ae  tpootsoeous  centre  ofcmversioo  before  tbe  addition. 
Let  a  be  the  velocity  of  rotation  rcnwSg,  that  is,  tbe  Teloci- 
tf  of  aptMntwboK  dbiancg  from  g'la  1,  and  let  {be  thei»- 
£its  Tcdor,  or  diMaoce  oTa  particJe  from;.    We  have  (B4V 

TJLTteoi)  a  =  -« .     Bnt  we  know  (BoiATian) 

/'<'  +  -%• 

thatj'p  {  •  =J'P  "■'  +  M  -  G  f '. 

F  -  qg   

— j5 Let  osdetemmeGiraBd 

'•g'^ie 

L«<  a  G  be  aQcd  1.     Thtn,bj  the  Baton  of  tbe  txn. 
a*  of  gnr^T.  ^+m-.ll  =  Gm:gm  =  t:gm,  aaJ 
M  .M' 

"■?■'=  u   ,  _.  ••    I"  Sl«  ■ 


Tbenfore  *  sz 


M- 


+  «-• 
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M  m  X  M  4-  in.  ThereloK  il  •  G  g*  +  m-gm*  ~ 
MmX(M+ni)  Mm  ,  ■ 

then  M.Gg'  +  m  -g-w*  =  M  n  »'.  Also  G  ^  =  » i,  be- 
'mg  =  jT-rrZ''  Let  9  G  be  calleii  c ;  then9g=:<+«t 
Also  let  SO  be  colled  e. 

We  have  now  for  the  expmaioa  of  the  rdooty  vs 
_r(c  +  n2)  F         c  +  wr 


/- 


■  +  M« 


M 


But  (RoTATKO) 


P^  =  ce.     Therefore,  enally,  »  =  g  X  g^^,,r 


there  been  no  addition  of  nutter  made,  ve  should  harr  hail 
F 


It  remains  to  shoir,  that  x  my  be  so  tabn 


^  ...        c  +  mx       „        .-    , 

that  —  may  be  less  than  ^^  .  ^'.    Now,  ne  be  toiutt 

toz%  Ibat  is,if  s  be  taken  equal  toe,  the  two &actiom wiD 
be  equal.  But  if  :  be  less  than  e,  that  is,  if  the  additimnl 
matter  is  placed  anywhere  between  S  and  G,  the  coni{dex 

fraction  will  be  greater  than  the  fraction  ~,  and  the  tcIoO' 
ty  of  rotatioa  will  be  iocreaaed.     Tha«  is  a  portkular  dis- 
tance which  win  make  it  the  greatest  pos^oble,  nandy,  what 
1        


]  'a made  =;  ^  {•/  c'  -t-mct  —  c),  as  will  eanly  be  found 

by  treating  the fracbon  ■  i  ,,i,  with  s,  ctHtadered  at tltt 
Taiiable  qaantitjt  for  a  maximum.  In  what  we  have  bees 
sajii^  oa  this  Butiject,  we  bare  considered  the  rotatkn  ml; 
IB  aa  Boeh  aa  it  is  peribntd  round  the  centre  of  gnivny, 
altboo^  to  every  ■iiMeeal  it  u  really  perfonned  RHind  a 
ipoMaaeous  axis  lying  beyond  that  eeatre.     This  was  doM 
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atuse  it  afforded  an  easj  inveetigation,  and  any  angular 
tolioR  round  the  centre  of  gravity  is  equal  to  the  angular 
lotion  round  any  other  point.  Therefore  the  extent  and 
e  time  of  the  evolution  are  accurately  defined. — From  ob- 
r  that  the  energy  of  the  force  F  is  proportional  to  q  G, 
1  inattentive  reader  will  be  apt  to  conceive  the  centre  of 
ravity  as  the  centre  of  motion,  and  the  TotaUon  as  taking 
kce  because  the  momenta  of  the  sails  and  rudder,  oo  the 
Mite  sides  of  the  centre  of  gravity,  du  not  balance  each 
other.  But  we  must  always  keep  in  mind  that  this  is  not 
the  cause  of  the  rotation.  The  cause  is  the  want  of  equi- 
librium round  the  point  C  (Piute  X.  fig.  10.),  where  the  ac- 
tions of  the  water  lialunce  each  other.  During  the  evolution, 
which  consists  €>f  a  rotation  cumbined  with  a  progressive  mo- 
tion, this  point  C  is  continually  shifting,  and  the  unbalan- 
ced momenta  which  continue  the  rotation  always  respect  the 
momentary  situation  of  the  point  C.  It  is  nevertheless  al- 
ways true  that  the  energy  of  a  Ibrce  F  h  proportional  faeie- 
m  par&nuj  to  y  G,  and  the  rotation  is  always  made  in  the 
same  direction  as  if  the  point  G  were  really  the  centre  of 
coaversion.  Therefore  the  mainsail  acts  always  (when  ob- 
Hque)  by  pushing  the  stern  away  from  the  wind,  although 
it  should  sometimes  act  on  a  point  of  the  vertical  lever 
through  C,  which  is  a-head  of  C. 

These  observations  un  the  ctTects  of  the  sails  and  rudder 
it)  producing  a  conversion,  are  sufficient  tor  enabling  us  to 
explwn  any  case  of  thetr  action  which  may  occur.  We  ha\-e 
not  conwdercd  the  effects  which  they  tend  to  produce  by  in- 
clining the  ship  round  a  horizontal  axis,  viz.  the  motions  of 
K^ingand  pitching.  To  treat  this  subject  properly  would 
lead  us  into  the  whole  doctrine  of  the  equihbrium  of  floating 
bodies,  and  it  would  rather  lead  to  maxims  of  construction 
tban  to  maxims  of  manoeuvre.  M.  Bougucr's  Traile  duNa- 
tirtund  Euler's  Sctenlia  Xacalia  arc  excellent  performances 
1  this  suliject,  and  we  are  not  here  obliged  to  have  recoiir^ 
i»  any  erroneous  tlieory. 
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477.  Ii  isea&y  to  see  that  the  lateral  iiresmiw  bofli  8 
wind  on  the  saiU  and  of  the  water  un  (he  rudiiL-r  I 
incline  the  ship  lo  ooe  side.  The  sails  oJm  tend  tori 
the  ship'u  bows  intn  the  water,  and,  if  idie  w«j«  kcftt  J 
sHvaiictng,  would  press  them  down  coiuwlcrably. 
thc!  thip'a  mutiuii,  aud  ibc  pruminciit  (arm  af  her 
resialance  of  the  water  to  the  fore  part  of  the  >Jup  pnxluixt 
a  furce  whii^li  tt  direiled  upwitnls.  The  sails  aim  bin s 
small  tendeiicv  U>  rsusQ  the  »hip,  tor  they  oonatituU  a  iitr< 
face  which  in  general  separates  from  l\\c  plumtvline  brW. 
This  is  reniark-ibly  thi<  L-asc  Iei  thc  staystails,  pvticHlarly 
the  jih  and  fure-topiii.isL  auvsall.  Aiui  this  hriptgnall/ 
to  Mjflen  the  plungL-^  of  the  ship's  boir.i  into  the  ben)  tmt, 
Tiic  upward  pressure  also  of  t!ie  watirr  on  ber  bovit  vtidi 
we  just  now  mentioned,  has  a  great  efTi-ct  in  opfmiag  the 
immersion  of  the  bows  which  the  sails  produce  t^actatgn 
the  long  levers  furnished  by  the  ina&l».  M.  Bougntr  gent 
the  name  ol point  ctlvjuc  to  the  point  V.  (Plate  X.  fig.  12.] 
of  thc  inast,  where  it  is  cut  by  the  line  CV,  wbidi  Dnislb 
mean  place  and  direction  of  the  whole  impulse  ctf  the  «•■■ 
on  the  bows.  And  he  obsenes,  that  if  the  inapi  dindiaB 
of  all  the  actions  of  llie  wind  on  the  saib  be  made  tapB 
also  through  this  point,  there  will  be  a  perfect  eqinEfanniB, 
sod  the  $hip  will  have  no  tendency  to  plunge  into  the  aattr 
or  to  rise  out  of  it;  for  the  whole  actioa  uf  the  water  on  tbc 
bows,  in  the  direction  CV,  is  equivalent  to,  and  may  be  te> 
solved  into  tlie  action  CE,  by  which  the  prxigresnve  aiHion 
is  resisted,  and  tlie  vertical  action  CD,  br  whicfa  the  iHf  m 
rwsed  above  the  water.  The  force  CE  must  be  uppused  Irf 
au  equal  force  VD,  exerted  bjthe  wind  oa  thtf  n^udlkt 
force  CD  is  opposed  by  tbe  weight  of  tbe  ship,  iribeintu 
tWon  of  tbe  sails  passes  above  tbe  point  V,  the  ship^  bm 
wili  be  pressed  Loto  tbe  water ;  and  if  it  pass  below  V,  bet 
stem  will  be  pressed  down.  Bat,  by  the  umon  of  ihes 
forves,  she  will  rise  and  £ill  with  tbe  sea,  keeping  alwari  is 
a  paiaUel  pootion.     We  appreheod  that  it  is  oT  very  link 
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■WDMnttosttend  to  the  situation  of  this  poiut.  Except  wIicd 
the  ship  is  right  afore  the  wind,  it  is  a  thousand  chance*  to 
cme  that  tlie  line  CV  of  mean  resistance  docs  not  pau 
through  any  mast ;  and  the  fact  is,  tiiat  the  ship  cannot  be 
in  a  state  of  uniform  motion  on  any  other  condition  but  the 
perfect  union  of  the  line  of  mean  action  of  tlie  sails,  and  the 
line  of  mean  action  of  the  resistance.  But  its  place  shifU 
l)y  every  change  of  leeway  or  of  trim ;  and  it  is  impos»ble 
to  keep  tliese  hnes  in  one  constant  point  of  intersection  for 
&  moment,  on  account  of  the  incessant  changes  of  the  sur- 
fiic«  of  the  water  on  whicli  she  floats.  M.  Bouguer's  ob- 
servations on  this  point  are,  however,  very  ingenious  and 
original 

We  conclude  this  dissertation,  by  describing  some  of  tlie 
chief  movements  or  evolutions.  What  we  have  said  hither- 
to is  intended  for  the  instruction  of  the  artist,  by  making 
him  sensible  of  the  mechanical  procedure.  The  descriptioD 
is  rather  meant  for  the  amusement  of  the  landsman,  enabling 
him  to  understand  operations  that  are  familiar  to  the  sea- 
man. The  latter  will  perhaps  smile  at  the  awkward  ac- 
count given  of  his  business  by  one  who  cannot  hand,  reef* 
or  steer. 


■  To  tack  Ship. 

The  ship  must  first  be  kept  full,  that  is,  with  a  veryHtt> 
sible  angle  of  incidence  on  the  sails,  and  by  no  means  hug- 
ging the  wind.  For,  as  this  evolution  is  chiefly  perfonned 
by  the  rudder,  it  is  necessary  to  give  the  ship  a  good  velo- 
city. When  tlie  ship  is  observed  to  luff  up  of  herself,  that 
pnoment  is  to  be  cntched  for  beginning  the  evolution,  bex 
e  she  will  by  her  inherent  force  continue  this  motion, 
e  helm  is  tlien  put  down.  When  the  officer  calls  out 
plm's  a-lee,  the  fore-sheet,  fore-top  bowline,  jib,  and  fla^ 
1  sheets  forward  are  let  gn.  The  jib  is  frequently  haui- 
^  down.  Thun  tlie  obstacles  to  the  ship's  head  coming 
ll^OL.  IV.  3  u 
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up  to  the  wind  by  the  action  at'  the  rudder  are  remor^ 
If  the  mainsul  is  set,  it  is  not  unusual  to  clue  up  the  wea- 
tlier  side,  which  may  be  considered  as  a  headsail^  because 
it  is  before  the  centre  of  gravity.     The  mizen  must  be 
hauled  out,  and  even  the  sail  braced  to  windward.     Iti 
power  in  paying  off  the  stem  firom  the  wind  ooosptres  with 
the  acdon  of  the  rudder.     It  is  really  an  aerial  rudda 
The  suls  are  immediately  taken  aback.     In  this  state  the 
effect  of  the  mizen-topsail  would  be  to  obstruct  the  move- 
ment, by  pressing  the  stem  the  contrary  way  to  what  it  did 
before.     It  is  therefore  either  immediately  braced  about 
sharp  on  the  other  tack,  or  lowered.    Bradng  it  about  evi- 
dently  tends  to  pay  round  the  stem  from  the  wind,  and 
thus  assist  in  bringing  the  head  up  to  the  wind.     But  in 
this  position  it  checks  the  progressive  motion  of  the  ship, 
on  which  the  evolution  chiefly  depends.     Fat  a  rapid  evo- 
lution, therefore,  it  is  as  wcU  to  lower  the  mizen-topsaiL 
Meantime,  the  headsuls  are  all  aback,  and  the  action  of 
the  wind  on  them  tends  gready  to  pay  the  ship  round. 
To  increase  this  effect,  it  is  not  unusual  to  haul  the  fore- 
top  bowline  again.     The  sails  on  the  mainmast  are  now  al- 
most becalmed ;  and  therefore,  when  the  wind  is  right  a- 
head,  or  a  little  before,  the  mainsail  is  hauled  round  and 
braced  up  sharp  on  the  other  tack  with  all  expedition.   The 
staysail  sheets  are  now  shifted  over  to  their  places  for  die 
ottier  tack.     The  ship  is  now  entirely  under  the  power  of 
the  headsails  and  of  the  rudder,  and  their  actions  conspire 
to  promote  the  conversion.     The  ship  has  acquired  an  an- 
gular motion,  and  will  preserve  it,  so  that  now  die  evolu- 
tion is  secured,  and  she  falls  off  apace  from  the  wind  on  the 
other  tack.     The  farther  action  of  the  rudder  is  therefore 
unnecessary,  and  would  even  be  pirejudiciai,  by  causing  tiie 
ship  to  fall  off  too  much  from  the  wind  before  the  sails  can 
be  shifted  and  trimmed  for  sailing  on  the  other  tack.     It 
is  therefore  proper  to  right  the  helm  when  the  wind  is  right 
a-head,  that  is,  to  bring  the  rudder  into  the  direction  of  the 
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nKcI,     The  ship  continues  her  conversion  by  her  inherent 
Hfitrce  and  the  action  of  tlie  hcadsails. 
K'    When  the  ship  has  TaUen  off  about  four  points  firoin  the 
■vitKl,  the  hcadsails  are  hauled  round  and  trimmed  sharp 
Bon  the  other  tack  with  all  expedition;  and  although  this 
6peratioo  was  begun  with  the  wind  four  points  on  the  bow, 
i(  will  be  six  before  the  sails  are  braced  up,  and  therefore 
the  head&aits  will  immediately  fill.     The  after'SaJls  have 
tilled  already,  while  tlie  hcadsails  were  inactive,  and  thcr^ 
fore  immediately  check  tlic  farther  falling  off  from  the  wind. 
All  sfflls  now  draw,  for  the  staysail  sheets  have  been  shifU 
cd  over  while  they  were  becalmed  or  shaking  in  the  wind. 
The  ship  now  gathers  way,  and  will  obey  the  smallest  mo- 
lion  of  the  helm  to  bring  her  close  to  the  wind. 

We  have  here  supposed,  that  during  all  lhi«  operation 
Ibe  ship  preserves  her  progressive  motion.  She  must  there 
fore  have  described  a  curve  liiie,  advancing  all  the  while  to 
windward.  Fig.  13.  is  a  representation  of  this  evolution 
when  it  is  performed  in  the  cotnpletest  manner.  The  ship 
standing  on  the  course  E  a,  with  the  wind  blowing  in  the 
direction  >VF,  has  her  helm  put  hard  a-lec  when  she  is  in 
ihe  positioa  A.  She  immediately  deviates  from  her  course, 
and  describing  a  curve,  oomes  1o  the  poshioa  B,  with  the 
mnd  blowii^  in  the  directkm  WV  of  the  yards,  and  the 
squaie'Sails  now  shiver.  The  mizen  topuil  ii  here  iwpre* 
smted  braced  sharp  o<i  the  other  tack,  by  wfndi  its  tmden- 
cy  to  aid  the  foguUr  motiioa  (while  it  checks  the  pragrw. 
Aire  motioc)  is  disiiiictly  seen.  The  main  and  (bceaflf  an 
■ow  ^verii^,  and  immedJatelyaf^  are  taken  abode.  The 
efliwt  of  thi>  on  the  headiaits  is  diftinctly  ceen  to  be  fi»- 
vounbte  to  the  converMoo,  by  puabiag  the  point  F  ia  the 
diractioo  F  ■ ;  but  for  the  aiae  nuem  it  eaa^mim  to  n- 
tard  the  progrenne  moiiao.  When  the  riup  hat  alliinnf 
lothe  pnilim  C,  the  amaami  ifhankdraitiidaidtriHaari 
far  the  other  tack.  Thr  infNtlae  is  the  dbntina  P  f  ttM 
mim  ihe  cnntMiv  and  Mwl*  tb^  fmgfmmt*  mritm 
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When  the  ship  has  attained  a  positioo  betwem  C  and  D, 
such  that  the  main  and  mizen-topsul  yards  aie  in  the  di- 
rectioQ  of  the  wind,  there  is  nothing  to  oouBteract  the  ftne 
of  the  headsails  to  pay  the  ship^s  head  off  firom  the  wind. 
Nay,  during  the  progress  of  the  slup  to  thb  intennafiale 
position,  if  any  wind  gets  at  the  main  or  inijEen  topsnk,  it 
acts  on  their  anterior  surfaces,  and  impek  the  after  parts  of 
the  ship  away  from  the  curve  a&  tf  d^  and  thtis  aids  the  re- 
volution. We  have  therefore  said,  that  when  onoe  the  sub 
are  taken  fully  aback,  and  particularly  when  the  wind  is 
brought  right  ahead,  it  is  scarce  possible  for  the  erolutioa 
to  fail ;  as  soon  therefore  as  the  main-topsail  (trmmed  for 
the  oth^  tack)  shivers,  we  are  certain  that  the  headsails 
will  be  filled  by  the  time  they  are  hauled  round  and  trim- 
med. The  staysails  are  filled  before  this,  because  tbrir 
sheets  have  been  shifted,  and  they  stand  much  sharper  than 
the  square-suls ;  and  thus  every  thing  tends  to  chedi 
the  falling  off  fn»n  the  wind  on  the  other  tack,  and  this  no 
sooner  than  it  should  be  done.  The  ship  immediately  ga- 
thers way,  and  holds  on  in  her  new  course  d  G- 

But  it  firequently  happens,  that  in  this  conversion  the  ship 
loses  her  whole  progressive  nootion.  This  sometimes  haj^ 
pens  while  the  sails  are  shivering  before  they  are  taken  fulij 
aback.  It  is  evident,  that  in  this  case  there  is  little  hopes 
of  success,  for  the  ship  now  lies  like  a  log,  and  neither  sails 
nor  rudder  have  any  action.  The  ship  drives  to  leeward 
like  a  log,  and  tiie  water  acting  on  the  lee  side  of  the  rud- 
der checks  a  little  the  driving  of  the  stem.  Tbe  head 
therefore  falls  off  again,  and  by  and  by  the  sails  fill,  and 
the  ship  continues  on  her  former  tack.  This  is  called 
MissiVG  STATS,  aod  it  is  generally  owing  to  the  ship's  hav* 
i^  too  litde  velocity  at  the  beginning  of  the  evolution. 
Hence  the  propriety  of  keeping  the  sails  well  filled  for 
some  Utile  time  before.  Rough  weather,  too,  by  raising  t 
wave  which  beats  vk>Iendy  on  the  weather-bow,  frequentl}' 
checks  the  first  luffing  of  the  ship,  and  beats  her  off  again. 


If  the  ship  lose  ati  her  mulion  nfitr  the  hi'adsAili  have 
beea  {u\ly  tikcn  aback,  and  before  wo  liavc  brutighl  ihv 
wind  right  ahead,  the  cvolutitm  Ix-cumcs  uni.'cMniti,  but  by 
no  meaus  desperate ;  for  the  actioii  uf  the  wind  tui  thr  hond- 
aails  will  presently  give  her  stern-way.  SupfHiK'  this  to 
b^pen  when  the  ship  is  in  tlic  position  C.  Hriug  thu  belts 
over  bard  to  windward,  so  that  the  rudder  shall  I^v*  llut 
positioii  represented  by  the  small  dotted  line  oj'.  It  iB«vi> 
d«nt,  that  the  rc^stance  of  tlic  water  ti)  the  steru-wny  nf 
the  rudder  iicts  in  a  favourable  direction,  puithing  (he  ttcm 
outwards.  In  the  meantime,  the  action  of  the  wind  on  the 
heodsoils  pushes  the  head  in  the  opposite  dirL<ctiun.  Thuw 
actions  couspire  iberelbre  in  promoting  the  evolution ;  aiul 
if  the  wind  is  right  ahead,  it  cannot  fail,  but  may  even  be 
completed  speedily,  because  the  sliiji  galher«  ^lurn-way, 
and  the  action  of  the  rudder  K>comcs  tery  powerful ;  and 
as  aoon  as  the  wind  comes  on  the  formerly  Icobow,  the  m^ 
ticm  of  the  water  on  the  now  lee-quarter  will  greiUly  acoo- 
lerate  the  conversion.  When  the  wind  therefore  has  once 
been  brought  nearly  right  ahead,  tliere  is  no  riik  uf  being 
baffled. 

But  aliould  the  ship  have  lost  all  her  head-way  coouder- 
ably  before  tliis,  the  evolution  is  very  uuccrtain ;  Ibr  iho 
action  of  the  water  on  the  rudder  may  not  be  nearly  equal 
to  it£  contrary  action  on  the  k«-4juaTter ;  in  whicti  caae  tbe 
action  of  the  wind  on  the  headaoiU  may  not  be  suffiocot  to 
inake  i^  the  difiereoce.  When  this  is  obKrved,  when  ihc 
ship  goea  astern  without  cbaoging  her  pOMlioo,  we  tmiM 
inuDcdialely  throw  tbe  beadsails  completely  sfaadt,  aod  fut 
the  hehn  down  ^ain,  which  will  pay  off  the  ihip'i  iMid 
from  the  wind  cDough  to  cnafaJe  ua  to  fill  ibe  MUa  agm  00 
the  same  tack,  to  tij  oar  fivtuoe  apaa  ;  or  «*  mut  m- 
HACL  tbe  lisp,  in  tbe  laatineT  to  be  cleacrAtd  by  and  bj. 

Sucb  ■>  tbe  odinary  fnxem  of  tacJiing  il^^ — •  proem  ia 
which  all  tbe  dittanU  mode*  of  actiuD  of  tbr  niddcr  aid 
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suls  are  employed.     To  execute  this  evolution  in  the  most 
expeditious  manner,  and  so  as  to  gain  as  much  on  the  wind 
as  possible,  is  considered  as  die  test  of  an  expert  seaman. 
We  have  described  the  process  which  is  best  calculated  for 
ensuring  the  movement     But  if  the  ship  be  smling  very 
briskly  in  smooth  water,  so  that  there  is  no  danger  of  miss- 
ing stays,  we  may  gain  more  to  windward  considerably  by 
keeping  fast  the   fore-top  bowline  and  jib  and  stay-sail 
sheets  till  the  square-sails  are  all  shivering :  for  these  sails, 
continuing  to  draw  with  conaderable  force,  and  balancing 
each  other  tolerably  fore  and  aft,  keep  up  the  sh]p'*s  velo- 
city very  mu6h,  and  thus  maintain  the  power  of  the  rud- 
der.  If  we  now  let  all  fly  when  the  square  sails  are  shiver- 
ing, the  ship  may  be  considered  as  without  sails,  but  expos- 
ed to  the  action  of  the  water  on  the  lee-bow ;  from  which 
arises  a  strong  pressure  of  the  bow  to  windward  which  con- 
sjnres  with  the  action  of  the  rudder  to  aid  the  oonveraon. 
It  evidently  leaves  all  that  tendency  of  the  bow  to  wind- 
ward which  arises  from  leeway,  and  even  what  was  coun- 
teracted by  the  formerly  unbalanced  action  of  these  head- 
staysails.     This  method  lengthens  the  whole  time  of  the 
evolution,  but  it  advances  the  ship  to  windward.    Observe, 
too,  that  keeping  fast  the  foretop  bowline  till  the  sail  shivers, 
and  then  letting  it  go,  ensures  the  taking  aback  of  that  sail, 
and  thus  instantly  produces  an  action  tliat  is  favourable  to 
the  evolution. 

The  most  expert  seamen,  however,  difier  among  them- 
selves with  respect  to  these  two  methods,  and  the  first  is 
the  most  generally  practised  in  the  British  navy,  because 
the  least  liable  to  fail.  The  forces  which  oppose  the  ccm- 
version  are  sooner  removed,  and  the  production  of  a  favour- 
able action  by  the  backing  of  the  forctop-sail  is  also  sooner 
obtained,  by  letting  go  the  foretop  bowline  at  the  first. 

Having  entered  so  minutely  into  the  description  and  ra- 
tionale of  this  evolution,  we  have  sufficiently  turned  the 
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reader^s  attention  to  the  different  actions  which  co-operate 
in  producing  die  motions  of  converaon.  We  shall  tliere- 
fore  be  very  brief  in  our  description  of  the  other  evolutions. 

To  wear  Ship, 

•  When  the  seaman  sees  that  his  ship  will  not  go  about 
head  to  wind,  but  will  miss  stays,  he  must  change  his  tack 
the  other  way ;  that  is,  by  turning  her  head  away  from  the 
wind,  going  a  little  way  before  the  wind,  and  then  hauling 
the  wind  on  the  other  tack.  This  is  called  wearing  or 
VEERING  ship.  It  is  most  necessary  in  stormy  weather 
with  little  s(ul,  or  in  very  faint  breezes,  or  in  a  disabled 
ship. 

The  process  is  exceedingly  simple ;  and  the  mere  nan*a- 
tion  of  the  procedure  is  sufficient  for  showing  the  propriety 
of  every  part  of  it. 

Watch  for  the  moment  of  the  ship's  falling  off*,  and  then 
haul  up  the  nudnsail  and  mizen,  and  shiver  the  mizen-top- 
sail,  and  put  the  helm  a- weather.  When  the  ship  falls  off' 
sensibly  (and  not  before),  let  go  the  bowlines.  Ease  away 
the  fore-sheet,  raise  the  fore-tack,  and  gather  aft  the  wea- 
ther fore-sheet  as  the  lee-sheet  is  eased  away.  Round  in 
the  weather-braces  of  the  fore  and  main-masts,  and  keep 
the  yards  nearly  bisecting  the  angle  of  the  wind  and  keel, 
so  that  when  the  ship  is  before  the  wind  the  yards  may  be 
square.  It  may  even  be  of  advantage  to  round  in  the  wea- 
ther-braces of  the  main-topsail  more  than  those  of  the  head- 
suls ;  for  the  mainmast  is  abaft  the  centre  of  gravity.  All 
this  while  the  mizen-topsail  must  be  kept  shivering,  by 
rounding  in  the  weather-braces  as  the  ship  pays  off*  from 
the  wind.  Then  the  main-topsail  will  be  braced  up  for  the 
other  tack  by  the  time  that  we  have  brought  the  wind  on 
the  weather  quarter.  After  this  it  will  be  full,  and  will  aid 
the  evolution.  When  the  wind  is  right  aft,  shift  the  jib 
and  staysail  sheets.   The  evolution  now  goes  on  with  great 
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rapidity;  therefore  briskly  hauL  on  board  the  fore  and 
main  tack^  and  haul  out  the  mizen,  and  set  the  miiai- 
staysdls  as  soon  as  they  will  take  the  wind  the  right  way. 
We  must  now  check  the  great  rapidity  with  which  the 
ship  comes  to  the  wind  on  the  other  tack,  by  righting  the 
helm  before  we  bring  the  wind  on  the  beam ;  and  all  must 
be  trimmed  sharp  fore  and  aft  by  this  time,  that  the  head- 
sails  may  take  and  check  the  coming-to.  All  being  trim- 
med,  stand  on  close  by  the  wind. 

We  cannot  help  losing  much  ground  in  this  movement 
Therefore,  though  it  be  very  simple,  it  requires  mudi  at- 
tention and  rapid  execution  to  do  it  with  as  little  gtmind  as 
possible.  One  is  apt  to  ima^ne  at  first  that  it  would  be 
better  to  keep  the  headsails  braced  up  on  the  former  tack, 
or  at  least  not  to  round  in  the  weather-braoesso  mudi  as  is 
here  directed.  When  the  ship  is  right  afore  the  wind,  we 
should  Expect  assistance  from  the  obliquity  of  the  head- 
suls ;  but  the  rudder  being  the  principal  agent  in  the  evo- 
lution, it  is  found  that  more  is  gained  by  increasing  the 
ship^s  velocity,  than  by  a  smaller  impulse  in  the  headsails 
more  favourably  directed.  Experienced  seamen  differ, 
however,  in  their  practice  in  respect  of  this  particular. 

To  box  haul  a  Ship, 

This  is  a  process  performed  only  in  critical  situations, 
as  when  a  rock,  a  ship,  or  some  danger,  is  suddenly  seen 
riglit  a-head,  or  when  a  sliip  misses  stays.  It  requires  the 
most  rapid  execution. 

The  ship  being  close  hauled  on  a  wind,  haul  up  the  main- 
sul  and  mizen,  and  shiver  the  topsails,  and  put  the  helm 
hard  a-lce  altogether.  Raise  the  fore-tack,  let  go  the  head 
bowlines,  and  brace  about  the  headsails  sharp  on  the  other 
tack.  The  ship  will  quickly  lose  her  way,  get  stern-way, 
and  then  fall  off,  by  the  joint  action  of  the  headsails  and  of 
the  inverted  rudder.   When  she  has  fallen  off  eight  points. 
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brace  tlie  afUrsalls  square,  which  have  hitherto  beoa  kept 
shivering.  This  will  at  first  increase  the  power  of  the  rud- 
der, by  increaaing  the  stem-way,  and  at  the  same  tJme  it 
makes  no  opposition  to  tlie  conversion  which  is  going  on. 
The  continuation  of  her  circular  motion  will  presently  cause 
them  to  take  the  wind  on  their  afler  surfaces.  This  wilt 
ehcck  tlic  stem-way,  stop  it,  and  give  the  ship  a  Utde  head- 
way. Now  shifl  the  helm,  8o  that  the  rudder  may  again 
act  in  conjunction  with  the  hcadsails  in  paying  her  off  from 
the  wind.  This  is  liie  critical  part  of  tlie  evolution,  be- 
cause the  sliip  has  little  or  no  way  through  the  water,  and 
will  frequently  remain  long  in  this  position.  But  as  there 
are  no  counteracting  forces,  the  ship  continues  to  fall  oil'. 
Then  the  weather-braces  of  the  after-sails  may  he  gently 
rounded  in,  so  that  the  wind  acting  on  their  hinder  surfaces 
may  both  push  the  ship  a  little  a-head  and  her  stem  laterally 
in  conjunction  with  the  rudder.  Thus  the  wind  is  brought 
upon  the  quarter  and  the  headsails  sliivcr.  By  this  Umc 
the  ship  has  acquired  some  head-way.  A  continuation  of 
the  rotation  would  now  fill  the  headsaits,  and  their  action 
would  be  contrary  to  the  intended  evolution.  They  arc 
therefore  immediately  braced  the  other  way,  nearly  square, 
aod  the  evolution  is  now  completed  in  the  same  manner 
with  wearing  ship. 

Some  seamen  brace  all  the  sails  aback  the  moment  that 
the  helm  is  put  hard  a-lec,  but  the  af^r-sails  no  more  aback 
than  just  to  square  the  yards.  This  quickly  gives  the  sliip 
stem-way,  and  brings  the  rudder  into  action  in  its  inverted 
direction ;  and  they  think  that  the  evolution  is  accelerated 
by  this  method. 

There  is  another  problem  of  seamanship  deserving  of  our 
attention,  which  cannot  properly  be  called  an  evolution. 
This  is  lying  to.  This  is  done  in  general  by  laying  some 
suils  aback,  so  as  to  stop  the  head-way  produced  by  others. 
But  there  is  a  considerable  address  necessary  for  doing  this 
in  such  a  way  that  the  ship  sihall  lie  easily,  and  under  com- 
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inantl,  ready  tu  proceed  ia  her  course,  and  • 
umler  weigh. 

Tu  bring  to  with  the  tore  or  main  topsail  lo  dw  mM, 
brace  that  Bail  aluir|)  nb&ck,  haul  out  the  mizeo,  and  d^ 
tlie  heliD  hard  a-lce. 

};u)^sc  ihe  tbre-lopsall  to  be  aback,  the  Mhcr  adt 
shoot  the  sliip  a^ead,  and  the  lec-bebn  makes  the  ship  cow 
up  to  the  wind,  which  makes  it  come  more  perpendiaiWy 
on  the  mil  which  ia  aback.  Then  'tis  impulse  Mon  cxeeedi 
tliosG  on  the  other  sails,  which  ore  now  shirering  or  alnmt 
shivering.  The  ship  stands  still  awhile,  and  Uien  falb  at, 
so  as  to  fill  tlie  after-aails,  which  again  shoot  her  a-bead,  and 
the  process  is  tlms  repeated.  A  ship  lying  tt>  in  tbis  way 
goes  a  good  deal  it-head  and  also  to  leeward.  If  the  raua. 
topsail  be  aback,  the  ship  shoots  a-faead,  and  cnaa  up  till 
t)ie  diminished  impulse  of  the  drawing  soils  in  the  direcbon 
of  the  keel  is  balanced  by  the  int-reased  impulse  «i  the 
miun  topsail.  She  lies  a  long  while  in  this  poetUoD  dnviii^ 
slowly  to  leeward ;  and  she  at  last  talis  off  by  the  bntiag 
of  the  water  on  her  weatlier-bow.  She  fails  off  but  ikUa, 
and  soon  comes  up  agiun. 

Thus  a  ship  lying  to  k  not  hke  n  mere  ieg,  but  hw  a 
certain  motitxi  which  keeps  her  under  eommand.  To  get 
under  weigh  again,  we  must  walch  the  time  of  faihi^  off: 
ai\d  when  this  is  just  about  to  finis^i,  brace  about  briddy, 
and  till  the  sail  which  was  aback.  To  aid  this  opcralJoii, 
the  jib  and  foretopmast  staysail  may  be  hoiated,  and  tbe 
mizen  broiled  up ;  or,  when  the  intended  coutae  U  brfwe 
the  wind  or  large,  back  the  foretopaail  sharp,  shi<>-cr  the 
main  and  mizen  topsail,  brail  up  the  nii^en,  and  ho««t  thi" 
jib  and  Ibretopmast  stay  sails  altogether. 

In  a  storm  with  a  contrary  wind,  or  on  a  lee  shore,  a  sl^ 
is  oUiged  to  lie  to  under  a  very  low  sail-     Some  sail  is  ib-     ^' 
solutely  nece&sary,  in  order  to  keep  the  sliip  steadily  don, 
otherwise  she  would  kick  about  like  a  cork,  and  loll  sotbep 
as  to  strain  and  work  herself  lo  pioce-^,     Diflitreoi  thpi 
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beliavf  best  under  difterent  soils.  In  a  i«ry  violent  gal«>, 
the  tlirec  Inwer  slaygaik  are  in  general  well  adapted  for 
keeping  her  steady,  and  distributing  the  strain.  This 
mode  seems  also  well  adapted  lor  wearing,  which  tnaj  be 
dune  by  hauling  down  the  mi  zcn- stay  sail-  Under  whatever 
sail  the  ship  is  brought  to  in  a  storm,  it  is  always  with  a 
fitte^j  sful,  and  never  with  one  laid  aback.  The  helm  is 
lashed  down  hard  a-Iec ;  therefore  the  ship  shoots  a<head, 
and  comes  up  till  the  sea  on  her  weather-bow  beats  her  off 
■gain.  Getting  under  weigh  is  generally  chfficult ;  because 
die  ship  and  rigging  are  lofty  abaA,  and  hinder  her  from 
Ailing  ofT  readily  when  the  helm  is  put  hard  a-wcathcr. 
We  must  watch  the  falling  off,  and  assist  the  sliip  by  some 
small  headeoil.  Sometimes  tlie  crew  get  up  ou  the  weather 
(bi«-sfaiwda  in  a  crowd,  and  thus  present  a  surface  to  the 
wind' 

These  examples  of  the  three  chief  evolutions  will  enable 
those  who  are  not  seamen  to  understand  the  propriety  of 
the  different  steps,  and  also  to  imderstand  the  other  evolu- 
tions as  they  are  dcscribetl  by  practical  authors.  We  are 
not  acquiunted  willi  any  perfonnance  in  our  language 
where  the  whole  are  considered  in  a  connected  and  syste- 
matic manner.  There  is  a  book  on  this  subject  in  French, 
called  La  Manauvrier,  by  M.  Burde  de  Ville-Huet,  whidi 
is  in  great  reputation  in  France.  A  translation  into  Eng- 
lish was  published  some  years  ago,  said  to  be  the  perform- 
ance of  tile  Chevalier  de  Sauseuil,  a  French  officer.  But 
this  is  undoubtedly  the  work,  of  some  person  who  did  not 
understand  either  the  French  language,  or  the  subject,  or 
the  mathematical  principles  which  arc  employed  in  the 
scientific  part.  The  blunders  are  not  such  as  could  pos- 
sibly be  made  by  a  Frenchman  not  versant  in  the  Eog- 
liah  language,  but  natural  for  an  Englishman  ignorant  of 
French.  No  French  gcnileman  or  offirer  would  have  tranft- 
lated  a  work  of  this  kind  (which  lie  professes  to  think  no 
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highly  of)  to  tenre  the  rivals  and  foes  of  his  country.  But 
indeed  it  can  do  no  great  harm  in  this  way ;  for  the  sdenti- 
fic  part  of  it  is  absolutely  unintelligible  for  want  of  sdence 
in  the  translator ;  and  the  practical  part  is  full  of  blunders 
for  want  of  knowledge  of  the  French  language. 

We  oflfer  this  account  of  the  subject  with  all  proper  re- 
qpect  and  diffidence.  We  do  not  profess  to  teach ;  but,  by 
pointing  out  the  defects  of  the  celebrated  works  of  M. 
Bouguer,  and  the  course  which  may  be  taken  to  remove 
them,  while  we  preserve  much  valuable  knowledge  which 
they  contun,  we  may  perhaps  excite  some  persons  to  ap- 
ply to  this  subject,  who,  by  a  ccHnbination  of  what  is  just 
in  M.  Bouguer^s  theory,  with  an  experimental  doctrine  of 
the  impulses  of  fluids,  may  produce  a  treatise  of  seaman- 
slup  which  will  not  be  confined  to  the  libraries  of  mathemo- 
tidans,  but  become  a  manual  for  seamen  by  profession* 
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